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Attention, Perception, and Intelligence 
Lynn A. Cooper and Dennis T. Regan 



Oar goal m preparing this chapter has been to isolate basic 
attenfif-ional and perceptual contrfbutions to intelligence. Relating the 
xoncepKts of "attention," "perception," and "intelligence" 'at either 

''^empirical or theoi^ti^ai levels^has not been an easy task. ^jThe notion 
that attei^tional. and j5erceptual capabilities mighty deternune inSig^ 
nificarit w^ys cfverall intellectfual ability has'^n aliv^ since., tbe * - 
early, days of sy^tqmtic inteflig^ice testing (^e, for 'example, 

;^ Spearman, -l^Z 7; Thurstohe,' 1958 V!: ; And,' 't^i 131 sara^>ie^ has been one of. 
the essent*ial premieej^ underlying,, th^fe^xecent and" much hei;aldeJj' ui\- 
if icatipn if cognitive and.^ifferen'tial approaches to" the s<Q*y.of 
hi^iaiv in^^fliggnce (Carroll, 197tff. 



• - ^ . ' • . ' 

Nonetheless, providing a s>-n tresis "of these' threjs psychological 
- . \ , ' , * . • - . • 

concepts has been difficiilt^- at best, -"ilne: problem that we have ea- 

^ • •.' " . ? • 

-countered the lack^of corTsensus in either the cognitive or the " 

differential .literature concerning the meaning of the concepts of 

^» k ,* 

'attention," "perception," and "intelligence." A discussion of 
• ' *" . * 

alternative conceptualizations of the nature of attention, {Perception, 

and intelligence within cognitive psycholo^ i^ beyond the scope*-^f 

this p^per. Suffice it to^say that some theorists have regarded ' 
. • , * t, * • « ' 

.i^ttentipn as a filtering mechanism (e.g., Broadbent, 1958) while others 

makp TeiJerence to a limited-capacity pQol of nifonnation-processing 



resources ^fe , g . , Norman i Bobrow, 1975), * Stidl others view attentien 
as skill, modifiable through practi.ce C^.g. , *Neissfer, 1976). The 
nature of perception is also a matter of some debate, \vith one approacti 
emphasizing ttje direct pick-up of environmental information (tf.g., -Gib- 
son, 1966), and other approaches regarding perception as ;he outcome 
of a sequence of internal information-processing stages (e.g., Rumelhart, • 
1977). The nature of intelligence is probably the most controversial 
of the three conce|>t^^^^^ij)d^^ [this volume) summarizes alternative 

attempts^t a^^finiti($)n. . • '* ^ * ' * ' ^ 

The view of the human organism that we adopt (^d= one that is ^ ^ 

currently popular v/itKin cognitive psychologxl ii» bf System tor, proces- • 
» • » »> 

sing, and transforming environmental information, with canponent^^b - ^ 
proces'^es bei|ig highly interactive ^nd" interdependefnt', rather than strictly 
sei^aential aad independent. This interactive view *bf the in]For}natron-> 
processing system pose^^ another problem for any* analysis of attTentiona^l 
and, perceptual contributions to intelligence. Under ^:his* account^ it is* 
difficult to isolate ju§t where, in the j.nformation-processing sequence 
attentional and perceptual factors most significantly influence .intel- 
ligent behavior and where "higher- level'* cognitive and,' memorial factory 
begin to provide more powerful c6ntributions to intelligence. / 

• - • ♦ • 

We have not ati:em^ted to solve these problems in this paper. 
• * • • 

Rather, our strategy Ihias 'consisted of carefully delimiting the areas of: 

research and theory that we consider. For purposes of the present dis- . 

cuss ion, we IrAe regarded as essentially synonymous '•^intelligenc^, and 



measures bf ability onvhich individuals differ. We have 'defined 
"attentional" arRi "perceptual^' operations as tjjose^ lowest-level pro-' 
cesses that might contribute t6 such ab^lit> differences*. Our discus- 
sion necessarilv includes reference id c6Wai^ cognitive operations 
t * • 

that mighty not .traditional 1> be regarded as attentional or perceptual 

in nature. However, we l4ve tried n:o avpid consideration of issues 
that cleat'ly involve higher- level operations ^uch as learning and ' 
^roblesn- solving^ . ' , * 



The overall structure of the chapter contains tu'o major* sections. 
In the first, we ^uimiarize and ^valuat'e resd^rch "that* has tried to 
uncover basic infomiation-j5rocessing skills that account for individual, - 
differences in psychometric measures of ability, Thia^work is the 
ppodugt of the recent effort to link cognitive and (Jif^erefitial approaches 
to the study ^of individual difference? in intelligence. We conclude tkat 
this attempt to isolate information-processing correlates of ability 
diffefences^h^met with mixed success. In particular, information- 
processing measures ^ tha'^t |io djrstmguish more frcm less 'able people often 
account for only a small portion of the variance in ^he ability differences. 
In the second major section of the chapter, we consider the possibility 
th^t more flexible aspects of cognitive functioning may make mcJre subs tan - 
tia»l contributions to TindjL vidua 1 differences in intelligence than do basic 
informat ion -gj-Qces sing skills. The additional sources of individual. dif- 
ferences that we consider in this second section include strategies- -or 
procedures for organizing cognitive processes- -and attentional factors, 

( V . ■ , • 



We conclude with a general Evaluation of the work that we review, ^and we 
outline wl^t we see as promising -and productive directions for future 
research. " ' * 



* - Basic Information-Processing Skills 

^ ^-<5 " -I. ^ 

Underlying Psychometric Nteasures pf Abilitf f 

It IS a generally accepted view in cognitive psychology that aoility 
or intelligence .reflects both a person's knowledge of the world and some 
more basic, general set of skills for processing information 'that does 
not depend ^ the .-content of the informatioh being processed. >iich>of 
the thrust of cognitive psychology's recent interest in intelligence has 
been directed toward isolating these basic, processing skills and deter- 
mining the extent of tjieir relationship to traditional'^psychometric 
measures* of ability. The ^nature of the quest ion* th^^t* the cognitive 
psychologist wishes to ask is put nicely in the title^of a pioneering * 
paper by Hunt, Lunneborg, and Lewis fel975)--"lVhat does it ipean to be 
high verbal?" That is, "what does it mean" in the sense of what might be 
the nature o^^^ ^asic inforrfiat ion-processing skills that distinguish 
lower scorers from higher scorers on ^test s of verbal ability? ^ 



^ In this section, we^ review *a{id evaluate a selected set of recent ex- 
periments designed to ,uijcover cori^lations between in format ion -processing 
skills, ^emingly related to attentional and perceptual mechanisms ^ and ' 
measures Of ability. The plan^of the ^section is as follows: ' First, we 
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discuss several stud^tJS' on the relationship between some mipmation- 

^ processing ;asks and. measures of v^erbal abi^ity^'pcfinting out differences 

m the adaqu^icy of the approaches of v'aiHpus t>'pos of inVestigaf ion. 

^cond, we provide a similar analysis of studies of the cOTiponent pro- 

cessess underlying measures of reading abilitiy. ]1>ird, we discuss in 

« * ' 

essentially the same Way the nature of the information-processing sKill's 
* » 

tjhat may be relat«^d to spatial ability. Finally, we attempt to synthesize 
' \ * 

the salient and replicable resul'ts of these investj^gations , and we provide 
/an evaluation of the success of this gener^il ap{)roach'to studying hum'kn in- 
' telUgence. ^ ^ « • • • ' 



Verbal Ability 



One rather obvious strategy for exploring ^he relationships, amopg 
information-processing skills and ability measurements might involve^ 
isolating a sample of -subjects that tiiffer ir; measured ablTity ^and then 
testing these subjects' on a- series of' iflfonnalJifoij-processing tasks. 
Measures of performance On th'e information-processing tasks could be 
dertved, and *then theso" performance measures could be correlated with 
' the ability measurements. The hope, using this sort of approach, that 
the pattern of correlatic5ns ainong the task j)erformance' measures and the 
ability measures might yield some coherent picture* of just what aspects 
ot which tasks are most strongly related to ability differences. Such 
an interpretable pattern of correlations might, m turn, help. to unco\^r " 



the basic processing skills that uriderlie^ ability 



f r 
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As.ari, example of this sort of research strategy-, consider -a ser.iies 
of studies^ by Lunneborg (1977). In these experunents, subjects were tested , 

,^.on a var^iety of psychanetric instruments, and tjiey were then tested on a 
variety information- processing tasks, many of which used response 
time as the dependent variable of interest. Correlations among the pro- 

. cessmg measures* and the psychometric measures were then computed. Of 
chie'f concern ti^unneborg Tvas the extend of \fie possible relationship 
between <:ho ice' reaction time [presumably a reflection of processing speed)- 

• and the afcility.meas^ires. Unfortunately, the results iire difficult to 
interpret. In one study, the correlations of choice reaction time with « 

• ability measui^s'^were reasonably high (between - '.55 and - .28, with faster 

. tunes being related to higher feasured ability), but .these correlations 
virtually disappeared in^two subsequent experiments. ^Had the pattern of 
congelations been consistent across experiments or within an experiment 
across sets 'of Wormatibn- processing and ability measures, then- undoubtedly 
more could have been learned from, this study. What seems lacking in this 
approach is an attempt to specffy just what information-processing skills 
the laboratory tasks are measuring and which such skills might be com- 
ponents common to a variety of. the tasks. With a theory af the information- 

"processing components of laboratory tasks as a guide, a selection of tasks* . 
with theoretically meaningful and, hopefully, shared components could be 
made, and predictions could be generated concerning relationships befWeen 
tlie; information- processing measiires and the ability measures. ^Vhat is 
"cl^ar-from th^s study is that there is no guarantee that such a theory will 
fall out of th^ patteA of correlations among many tasks and many ability 
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measures. In a subsequent e^runent using much the same approach, 
Lunneborg (IQ'^S) did find more interpretable pa'ttems of relattonsTiips 
am^ng ability and information-procesyng measures. In tfiis case, signif- 
icant i:df relations between perfonnance IQ and visual and nonlinguistic 
processing measures were found, while vocabular>' and verbal, IQ scores 
appeared to be .more strongl> related to measures of linguistic flexibility 
and reading tLTie. 

i * 

A somewhat more 'satisfying approach to investigating the relation 
between information- processing skills an^i measures of 'ability is rllusm- 
ed by some of ^the"" experiments reported by Hunt et ,al. (1975; see also 
Hunt, Frost, 5 Lunneborg, 1973). Their basic notion was that tests of 
verbal aBil^ity provide direct measures of verbal knowledge, (e.g., meaning 
"of words, size of vocabulary, rules of syntax) but .only, indirect. measures 
of contend free information-processing efficiency,. > Nonetheless*, high- 
scoring and flower scoring groups of subjects might differ reliably in the , 
speed and efficienc>- with which they carry out' basic information -processing 
tasksv The subjects in Hunt et al.'s studies were University of iv^shing£o 
students who scored m the upper quartile Chigh verbals") or lower quartile 
("low verbals"^ on a composite verbal^ ability measure from a standardized, - 
test adomistered to high school juniors. The laboratory tasks on which 
these subjects were tested involved a variety of ^re or l^ss "standard" 
infonnation-processing paradigms. The interesting point about Hunt' et 
al.'s selection of tas*jcs was that they represented ^ effort by the in- 
vestigators to specify in hdvaace what the information-processing demands 



of the tasks might be. .Thus, the investigators had a basis for predicting 
on whidi ta^ks the high verbal s^ub^ects ehould excel, *and, further*., for 
analyzing the nature oTthe information-processing skills that might ' . 
lead to more efficient performance. One ipight quarrel both > 1th Ilunt 
et al . *s* analvj^s of the i^formation-proce'ssing tasks .ind, particularly 
with their claims concerning processing skills common to \arious tasks. 
For,, Hunt et al. provide no external evidence foi» the relationships 
among the processing* v^ri^ibles \vhich the> hv-pothesize are Fclated. -^None- ^ 
the less,^ this app.roach goes beyond the purely coiVeUtional met}\od in at^ 
temj>ting to specify in advance the information- process ij^g ski Us underlying^ 
performance on the laboratory tasks. ^ . • 

For punxSses of our analysis, only two of the tasks used by Ihjnt et • 

4' ' • 

al. will t>e considei^d at length. , We- describe these experimental para- 
*digms m some detail, a^ they have been used extensively. in the work of ^ 
Others to be-disciissed in later sections, Thd first taskjwas based on^a 
procedure orginall) intorduced bv Posr^er and Mitchell (1967) and Posnej", . *^ 
Boies „.tichelman and Taylor [1969'>. The paradigm- involves presentatipn ^' 
of two letters ^'which are identical m both name and type* case ^A,ATt 
identical iK name but not in case [A,a) , different iaji2l!i£^but not in 
case .(A,B) or different in both name and case (.\b). In one standard 
version af Posner et al.'s [1^69) procedure, subjects are shown such 
letter pa^rs and*are required^to respond ."same" as rapidly and accurately , 
as possible if Jthe two letters? share a common name. ^Otherwise, the re- 
quired response is "different. " Of central interest is the difference 
between tile tune taken to respond ."^ame" when tha letters aVe identit^al in 
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name 



only (.A, a) and the. time to respond "same" when thev ar6 physically 
identical ^,.A1 as well. 'The average difference in response rune b'etween 
• name^ identic a-i (Ml aiui physical Iv 'ilientical ( Til /or the \I-PI difference,^ 
IS 0T\ the or^er of "0 milliseconds when groups of college students are 
tested as subjects (Posner et al., 1969-) . ^ ' ' 



One standard interpretation of this reaction-time difference is as 
follows: In the case of M trials, the name associated with each visual 
pattern imist be retrieved from memor\' in order to respond "same." Thus, / - 

N the \I-PI difference is :i meaJiire of the additional ti;ne needed to access 
the name^of a letter cpde in memory. ^-Variations on tlje standard 9osner 
procedure- -whieh themselves produce reliable r^I-PI differences— include • 
instructing' the 56biectj on separate blocks of trials 'to respond /'same" ' 
on^the basis of physical identity only or name identity only, and 
^measuring the speed witfh which ja' Opck o^f cards containing letter pair/ 
can be siorted into "same*; and "different"' piles under physical iiienti't/ 
or naine> identity instructions. In tfie liunt.et al.* stud'y, both th'e 

^ standard parac^gm aitd th'e card-sorting modifications were used. 

c 



/ 
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The results that fiunt et al! (1975) obtained for the letter matching 
» * * . • 

task can be suinnarLred as follows: For both the standard reaction-tune 

version of the «task and the card - sort ing ^variant, high verbal subjects 

' exhibited a -*mal Indifference between, N I and PI trials than did low ver- ^ 

^bal subjects.- The ^gnitude of^ the \I-PI difference was about 64^milliseconds 



^seconds for high verbals, and 39 milliseconds for Ioa^. verbals . [Ui sdbsequent 
wrk by flun^ and his colleagues, reviewed in liunt, 1978, the magnitude of the 
NI-PI difference has-been found tq-increase bubstaiitiall\ \\hen grouys spanning 
a wider range of measured abilitv'^arc tested, e.g., the M-PI difference is 
as large as 510 milliseconds for mildly mentall) retarded school (^hildrcn.J 
Hunt er al. 'interpret this findings as indicating that high verbals ha\e rela- 
tively faster access to oyer learned matefial (letter names) in memor> than do . 
low verbals, a^id'that this faster memoiy^aticess to name codes is a basic m-* 
fortnat.ion-processing skill that underlies verba^l abtli^ty. - / 



There are some potential problems with this inte"rpretation, though, ' 
that' plague not only the^JIunt et;al. study but al^o the work.of other in- 
vestigators .to be reviewed later. First, although the interaction between 
leVbl "Of verbal- ability and. type^c^f letter-'pair' identity was 'indeed statist- 
ically significant, it is nonetheless itrue that Jngh and low .ve.rbal subjects 
^differed in'illean jresponse ti5nes on physicafly i/ienticaV|J|y*ials a^ wqII as' 
on name identical trial^. (In the case of the st^dard reaction -tiJlip ta?^ 
high )^erbals werfe about iS' milliseconds f^aster than low verbals on PI triaV^ 
and fhe »d if fe^ence^ washout 4J mjll^secpnds gn Nf teal's.) X^p problem 
- here'is that the e'ntfi;'e NI-PI differ^j^betjv'een high and lo^t^fcxi^al ^ub- * 
, jeqts. cannot 'necessarily be attributed to differences ifi the^4X?f f &?iency of 
memory access. Iji addition, there m^y be^-general spe^d factors or^differ^n- 
tial speed «f pattem-matchiifig proc^esses tha^^ontribute^both to the differ- 
ences in measured ability and^reaJtion 4:ime. ^ • « • 



A second proJ?lem with the'llunt et al. (1975) interpretation lies 

It » . 

m the empirical b^sis for their claim »that the NI-PI difference is an 
indexVof,^fficiency>6f meiporv- retrieval of pvjer^lamed' code^ , In order**^ 
' to ^ establish' that spee J of memorv acce^, and not 'Soip^ other 'factor , 
reallx is an infiomat ion-processing skill correlated with verbal ability, 
it would be desirable to shq\v that individual SNwith small NI-PI differ- 
ences (fast memory accessj^ aI§o sho\v small reaction-tune differences in 
scsne Component of another information-processing task, where that compo- 
nent is also a'ssumed to be an index *of efficiency of retrieval of over- 
"learned material. ^Vhat this amounts to is establishing construct 
validity via* an individual differences analys'is for processing components 
of taslis for.iyhich those caitponents are assumed to be related^ If ^uch 
qonstruct validity can be established, then the meaning of a. relationship 
between processing time and measured ability is ftibte readily interpret- 
able. Hunt et al. do nQt provide such an analysis- of relationships among 
^processing components in similar tasks, " 

The second task^of i^iterest used by.ftat et al. (1975} was a modifi- 
^cation o5 the "s.entence-picture verification" paradign introduced by 
Clark and Chase, (1^). In this paradigm,' the subject i5 first shown a 
sentence describing a spatial .relation between two elements (e.g., "star" 
xor *, ancf "plus" or +] . The relational terms used in'the initial * 
description may contain either the words "above" or "below," and the 
description may or may not contain a negative. This yields four basic 
sentence types in the initial descriptions--"star above plus,**" "star 
■not above plus," "star below plus," and "star not below plus." Fol- ^ 
lowing ji^esentat ion of th'e sentencj^, a test picture is presented 
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whi<± contains ''either the configuration * or + . The subject must 
respond as 'rapidly and accurately as possible whether the initial sejitence 
IS "true" or "false" of the test picture; In the modif ication used bv 
Hunt et al. U975) , two measures oi^response tune were obtained--the time' 
the subject needed to encode or comprehend the initial sentence and the 



time neede'd to v^rif> that the sentetige v.Jas true or false of the picture, 

which was presented. as soon as the subject indicated that encoding of the 

* 

sentence was complete. V 

« . . • 

There are a number of theoretical analyses that h^ve been offered ♦ 

of the processes underlying performance bn this task v^ich we will con- 

sidei; in detail later [e.g., Clark § Chase, 1972;^ Carpenter § Just, 19^75; 

Glushko 5 Cooper, 1978). For now, let us consider only the general analysis - 

offered by^'Clark and Chase "(1972) and Jby Ihmt et al. (1975). ^Vhen the 

initial sentence is presented, the subject encodes it by forming an in- 

temal representation that will subsequently be COTipared with^Ke picture.. 

A number of investigators have suggested that this internal representation 

f 

IS linguistic in nature and that the time it takes to fOrm the representation 
is affected by the linguistic complexity of the sentence (see Clark § Chase, 
1972; Trabasso, Rollins, & Shaughnessey , 1971). Furthermore, both the pre- 
sen<± gf a negative term and the presence of a "markefi" form of a spatial ^ 
comparative (in this*cas^"below" as 'Xjpposei to "above"^ are thought to 
increase linguistic complexity and hence to increase encoding time. Clark 
and Chase, propose that the internal represeatation o^^*the picture .to bo 
compared with Jthe representation of the sentence is also linguistic in nature 
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Jfence, we might expect <that the test picture will' be converted mto a ' ' 
representation similar to that of the. initial sentence aiid .that processing ' 
tme for_ verifying that the'picture is true or false of the sentence will . 
be-Sffected bv the same linguistic variables -that affect encoding of t,he^ 
septence.^ If this analysis of the task is correct, then differences be-, 
tween the times^^to encode or to verify more pr less complex sentence types 
measure the speed with which a sub>ect ca^l convert the sentence or picture 
' stimiluS material mto a linguistic internal representation and tSen .per- * 
form the comparison. ' • . ^ • 

rtot et al. foimd no effects of linguistic markedness. but they did 
^ind both a significant effect of negation and a significant inferaction 
between the size of the negation effect and verbal ability. High verbal . 
subjects took about 55 milliseconds longer t6 encode sentences containing • 
a negative than sentences without, a negative /and^his difference ros'e to 
about 100 milliseconds for low veVbk subjects. ' TTie hize of the negation . 
effect differed across ability level? m the case of decision tim'es also. 
High^veit^ls required about 70 additional milliseconds to craspaye a neg- 
ative sentence with a picture; and low verbals required an. additional 120 
miUiseconds to mSke. the "same comparison., The investi^itoVs interpret t^ 
differential size of the negation effect for differen^%r^ of measured 
•abili'ty as follows: The l^ger differen^ in ti^^o^e or comprehend negat 
than affirmative sentences for low verbal subjects could reflect a superior 
ability in the high verbals to convert a' complex sentence mtoja corresponding 
internal Representation. TTie dj'fference Between high and low verbals m the 
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size of the negation effect' for decision latencies could reflect a superior 
efficiency m comparing a. picture' against a complex internal representation, 
for the high verbal subjects. ^ 

Ke can question the interpretation of these results along much:.the. 
* same lines as ,we did the interpretation of the results of the 1 etter -match- 
^"fng task. First, thfe differential size -of the negation effect could simply 
derive fron a general tendency toward faster processing in the high verbal 
^subjects. From the way in which Hunt et al. present theiV data, i^t is not 
possible to determine v^ether the two ability groups ar^ approximately 
equivalent m speed of encoding and/or comparing an affirmative sentence or 
whether the high verbal subjects excel in t}\is base.cpndition as well as in 
their relative sensitivity to,negation. Second, the Interpretation of the 
pattern of differences is tied to a particular theoretical analysis of the 
operations involved,^ tHe sentence-picture verification task. And, Hunt^^et 
al. provide <po evidence for the^validity of tj^e assumed junderlying^. processes 
in that they do not show that individuals \^ith relatively 'small negation ef- 
fects also show small reaction-£ime effects in other tasks Jthat are presumed 
. to measure the effieienc)f with which irtore or less complex internal representa- 
tions ^ encoded and compared ag^nst test stijmili. ^The general thrus^of 
this,seeond objection- --that' an interpretation of per^ormance^^differences is 
critical Ix dependent on the adequac)^ of one's theory of the processes under- 
lyin"^ a given information-processing task--will bacome quite iinportant; when we 
consider later further wo^ ti^t Hunt and his colleagues iiave done on an 
analysis ot the relationship between pattfems of ability and patterns of ^performance 
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in the sentence-picture .verification situation fMacLeod'/ifuilt^ § Mathews. 
.1978; Lansman, Note 1) • ^ ' - 

We conclude our discussion with an examination of what we consider 
two "model" sets of experiments ■ on basic infomation-processing correlates 
_ of verbal ability, one by Chiang aird Atkinson (1976) and one bv Keating and 
Bobbitt (1978). The appealing feature of these^tudies is that the investi- 
gators attempt to demonstTate empirically the assi^ed theoretical relation- 
. ships among component processing parameters .of various 'cognitive tasks. 
This is accomplished b^ correlating individual subjects' values of parameter.? 
from models of the tasks across different tasks and within" the same task. 
The pattern- of correlations is inspected to detennine whether there is ade- 
•quate support' for the theoretical arialy«fe-of the ta.^ks (i.e.. whether p;ra- 
^meters which. 'theoretically, ought to be related are related empirically). 
Hjiving established such construct vSj-idity fo.r^the processing par^eters of 
the tasks, correlations of these parameters with psychometric measures of " ' 
ability are then obtained to detennine whifh basic infomaion-processing 
skills relate^to <iifferences in ability. 



Th 'the Chiang aJid Atkinson (1976) study, the subjects were'Stlnford 
University undergraduates whose verbal and -math scores on "the Scholastic 
Aptitude test were available. - Thi infonnation-processing tasks on which the 
subjects' were tested'were a memory search task (Sternberg. 1966) and a visual 
search.- task.- (A test of digit spari'-Ws glso included, but we will not con- 
sider the resuLts here^^ In the memory search task, the subjfe^ is presented 



d so-t of from one to five items Clettqrs) , followed by the presentation of 
a test letter. The subject is required to report rapidl^L^and accoirately 
as possible whether or not the test letter is contained. in the set of letters 
m memory. Generally, the amount' of time to make, the response increases 
linearly with the number of items m the memory set [Sternberg, 1%91 . This 
linear react ion- time function ^long with other aspects of the data usiiallv 
obtained with this p^cedure) is taken as evidence .that subjects perform 
the task by sequentially comparing the test- item to each item in thp memory 
set before making a positive or a negative response. The slope of this 
reaction-time function provides an estimate of the time required for each 
memory comparison/ or the rate of scanning items in memor>^ The intercept of 
the reaction- time 'function reflects all othe.r^ processes not involved in 
memory search — viz., encoding the test item, determining whether a match has 
been found, ^d executing the appropriate response, I ^ 

' • • \ 

The component prbcessing operations in*'the visual search task- art? 

.theoretically related to those in the memory scanning 'task, fn the visual 
search, paradigm, a single target^^^tem is presented first, followed by a 
display of from one to *five items. The subject is required to search the 
display set and to determine as rapidly and accurately as poss^le whether 
the target is contained in the display set. *As in the memory, search task, it 
ife generally found that reaction time increases linearly with the' size of the 
set of visual display ittts '(Atkinson, Holmgren, 5 Juola, 1969;^Estes fi 
Taylor, 1964, 1966). TyJ slope of this function is thought to reflect the 
time for each comparison of the target item with each display set item and 
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also the tijTie to encgde each item m the visual display. The intercept 
parameter m the visual search task is taken as a measure of the time to 
make the 'Ves'* - "no" decision and the time to execute the response. 

Chiang and Atkinson ri9:'61 estimated the intercept and slope parameters , 
for each of their individual subjects for both the memory search and the 
visual search tasks. the .individual subjects' parameter values were 

intercorr elated, a compelling pattern emerged.^ Correlations between th^ in- 
tercepts of the two tasks and the slopes of the two tasks were high (.968 and 
.832, re^ectively). However, thej e" was virtually no correlation between the 
> intercepts and the slopes within each task. That'is, subjects who are char- 
acterized by raoxd search rates manifest this skill in both memory and visual 
search conditions, and subjects who encode efficiently do so ir^both experimen- 
tal situations. Furthemore, the lack of correlation between intercept and 
slope parameters in the same task shows that the correlation of parametefs 
across ta^ks is a reflection of more than.simple, general process in^peed. \ 
For, a general speed factor should show up in a 'correlation of intercept and 
slope parameters, as well as in a 'correlation of each o^ these parameters in 
different tasks. ^ ' • 

■ ^ Despite the elegance of Chiang and Atkinson's analysis of the relationships 
among component processing skills, the results of their attempt to relate these 
skills to psychometric measures qf ability ar.e quite disappointing." Unfortun- 
ately, they failed to obtain any significant correlations between the information 
processing' parameters and either the m verbal or SAT math scores. IVhen the 
• «i . » 
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data were broken down by, sex, some significant correlations emerge^, but the 
pattern is extremely difficult to interpret. One possible reason for the 
failure to fifid relationships between processing components and' ability could ^ 
be that the range of measured ability of Stanford urjdergr^duate students was 
rather narrow. 

Some more positive evidence concerning the relationship between ability 

,and infonnat ion- processing skills has been found in a study by Keating and 

Bobbitt (1978). *The aBility measure used by these invest igators^'was a com- 

posite score on th6 Standard and Advanced Ra\en Progressive Matrices (Raven, 

1960, 1965). This test is generally regarded as a njeag^ure of problem- sol vin|^ 

ability in that, unlike measures of verbal ability, general or vocabulary ^ 

knowledge is pot assessed- The subjects in the experiment were children from 

^ ' ♦ . b 

grades 3,7, and 11. The infonnat ion -processing tasks used were the Posner 
/ ' ' , 

letter-matching task (th^ card-sorting variation described earlier),^ the 
.memory search task. In addition, tests of simple and choice rea<ftion time 

were included AIn the sijnple reaction- time task, the subject had to indicate 
^a5 rapidly as possible vdienever a light turned red- In the choice reaction- , 

time task, •the subject had th push one button when a green light appeared 

ai^^d another when a red light appeared, and to push the buttons as rapidly as 

possible. 

The results of experiments were subjected to. a number of different 

analyses, Analysjes of variance generally shpwed significant main effects of ^ 
age and ability levels, such that older and higher ability subjects perfonned 
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^each of the tasks more efficiently than yoiu^ger and lower ability sub}ect^s. 

Of particular interest are s'ome of^he interactions betu-een age and ability 
^ and certain t<jsk variables. For the letter-mate^ task, significant inter^ 

actioris, emerged, such that the .VI-PI -difference Ls smaller for older than for 
.younge:^,bjects and also smaller for higher than for lower ability sublects. 

Fo. the menK>:V scanning task, there was an interaction between memoiV set 

Size and ability, such that search rate was sl.wer for lower, ability/subjects 



V 

_^Like Chiang and Atkinson (1976) , Keating and Bobhitt .(1978) attempted 
to provide construct validity for 'the component Soerations presumed to under- 
lie "the various' infomation-processing tasks. To do this, they proposed a 
four stage, sequence of basic comDonent processes'i^consisting of {t) encoding. : 
(2) operation, (3) binary decision (response selection), and (4) response ' * 
execution. Various parameters of the infomation-prbcessing tasks were , 
assigned to one or more of the four 'sequential stages. Then, individual ' 
aubjects' values for thes& pa;iameters-were correlated across tasks-. The-^ope 
was th^ variables as^ianed to involve comron processing stages would correlate 
more highly thah those that did not 'have «iy stages in common. Unlike Chiang 
and Atkinson, no within- task correlations were c6inpi/ted. "^The- results' of 
•this analysis revealed that the intercorrelafion^ among vafiables having 
conmon stages 'wer« higher than ai^ng variables withouf stages in common (.6& 
and.Sd.respectiTClv)^ They inteipret^he pattern of correlations as showing- 
that th*re are basic information-processing operations ;hat are tapped by the 



different tasks, but that in addition there exists a gencrH^ ^p$ed •factor 
that is reflected in the lower but often 'still significant c-^^^C^t^i^s 
• among Wri^bles without hypothesized common stages. 



In their final analysis, Keating and Bobbitt assessed the relari9h^hi;g^^^ * ,^ 
afifeng three information-processing parameters and measured ability v;d Ttiul- , ^ . , ■ 

^ tiple regression ^techniques: The information-processing parameters'were \ ^ ^ 

' ' * ^ ' 

measures, of deoision efficiency (choice reaction time minus simple react i5jn,tli8e^4- , 

efficiency of mejiiory retrieval of overleamed codes (Nl-PI differ'ence) , and '\ ^ 
memory search effic;iency (slope of the memory scanning function). With age 
part^led out, the in format ion- processing measures accounted for only TSVof ^ 
' the variance in the ability scores, but this was a significant amount^ of add- • ^ 
ed variance. More interestingly, w%en correlation^ were computed for^each age 
group separately, the NI-PI difference was always the most effective :variable^^ - . 



and it account^ /or progressively more variance 
age of the subjects increased ( 
groups in chronological order) . 



;e in measii'^d^ ability as the 



age of the subjects increased (17%, 2S%1 aixd^ZZl of varianfe^for the three ,^ 



What, if any, systematic findings have emerged^ from a consideration of 
these various VtCidies reflecting different approaches tp assessing the re- 
la^nship bet;ween basic infomiation-^ocessing skills '^d measures of verbal 
ability? Clearly, the most universal processing difference between the higher 
and the, lower ability subjects in the^work reviewed above is the difference 
^ between the time, for matcMni letters identical in name only and letters th^* 
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re, m addition, physically identical., Furthfermore7 tlus difference .emA-g^^ 
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• ^despite proc(4iral variations in the letter -mtching task Cthfe discrete trial 
reaction-time methoa and the card-|ortihg techni^uel , and for both children 
• (Keating 5-Bobbitt, 1978) and adults (Ihnt et al., 1975). Thusfar, we have 
interpreted this Ni:pi difference as reflecting efficiency of memory access 
to overleamed material. In subsequent sections, .^s the difference appears 
in still other bodies of work, we shall consider whether "this process ing~ skill, 
is specifically one of the "letter-code access or whether it may reflect a more 

■ -general progess of me^i^)ry. access or even of flexibility in applying information 

', . • 

processing skills. . " 

» 

Another possible candidate for an operation underlying verbal ability is " 
the speed wi_th which items'in memory can be compared with a test item. Keating 
and Bobbitfs (1978) finding" of a decrease in the slope of th^ Sternberg memory 
scanning function with increasing ability provides evidence for this notion, 
but^the evuJence is mijced at best. On the opposite "side, we have Chiang and 
.\tkinson'/ failure to find-a relat,ionship between slbpe and ability, and the 
report of Hunt'et al.,(1975) that the positive relationship that was reported 
earlier (Hunt et al, , 1973) could not be replicated. J^d, Sternberg (1975^ has 
reported no relationship between scanning rate and measures of intfelligence 
within nownal univers/o^and high school populations. The relationship of 
memoty comparison efficiency to ability may be a subtle gne' hdieveT. Hmit- 
(1978, 1980) has. reviewed evidence suggesting a^rathcr dramatic^Wference 
in memory comparison, processes when the groups considered come from more ex- 
treme populations than the Variation of ability'^in the noW college sample 
used by most investigators. For example, groups of subjectsrSuJfering from 
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various forms -^f ment^liretarSation show much steeper slopes in the memon***' 
scanning exper.ijnent than do normal High school and college students. Further- 
mpre, Keating. and Bob^itt (1978) report an almost significant interaction 
between age and ability in 'the^ slope of the memorv' scanning function such that 
, the effect of ability on scanning rate becomes less important as age increases. 
What this may mean is that general memory compari^orTskills are well developed 
across ability levels within the normal range, but that these general skills 
are not available to the younger or the more severely low ability subject. 

A third possible skill that may be related to ability is simply overall • 

• processing speed. That is, more able peopI?^may just be faster at anything 

* they do. We will consider seriously the general speed factor as a^'source of 
ability differences in latfer sections. *At present, analyses such as those of 

' Keating and Bobbitt (1978) suggest ^that although a general speed factor may 
- exist, there are additional more specific processing skills that contribute 
^ to differences in verbal intelligence. - • * 

Reading Ability 

% ' ■ 

The ability to r?ad rapidly and vith high comprehension is a crucial « 
aspect of "intelligent"' behavior in any literate society. At ^minimum, 
reading involves picking up visual information from a page of printf^and pro- 
cessing that information on a variety of levels so as to yield, eventually, 
understanding of the meaning of a passage. In this section we review and 
evaluate some of the literature that attempts to isolate the basic processes ^ 
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V- components o/-reading that mi^ht differentiate highly skilled from less" 
skilled readers. The recent 1 iterature.on reading is- volAinous. and our . ' 
review will be highly selective. 

s ' * ' 

We first discuss in detail a series of studies by Jacks;n and Mcfelland 
(19^n979; Jackson. .Vote 2; see also McClelf^uid 5 Jackson. 1978) -^hat purport to 
demonstrate a ve^^ basic visual- infonnation-'processing difference between 
average and very proficient readers. " We highlight these studies because they 
combine elegance and care in experii^ental design and execution"! clarity ofVex- • , 
positien. and a consistent and intriguing jjattem of -results I 
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^ rt has been known for over'seventy >>ears (Huey' 1908) that reading" takes , 
prace- during pausfs or fixations of the'^eye,. and that faster readers make ' 
fewer fixations.per page of text although-they spend about the same amount of 
^- tim on each fixation. TJiis suggests that faster readers may be able to pro- , 
* cess a larger amount of text per fixation, and a study by Gilbert (1959) sup- 
ports the suggestion. Gilbert ^presented single lines of text for veiy brief 
periods, and found that faster readers coMld accurately report more of the text 
than slower readers. But. precisely what is the nature of the advantage fast ' 
^ readers have that enables them to extfact more infonnation from a singJe fix- 
ation? The po?sibilities are numerous, and Ja'ckso^ and ^fcClellana (197S: 1979) 
designed their studies so as to narrow^ them down? ' • 

A word^is in order about the measure o.f reading ability used in these 
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* studies, Groups^of relatively fast and "average* readers are selected from'^ 
a unv^^ersity population. Tnese^ groups ^hWe non- over lapping scores on a 
measure of Effective Reading Speed, whicIV^is the speed of reading tfie text 
Hoterial multiplied^ by the score^on a ver\-^:^trict comprehension tes{. There 
i^ persuasive rationale for usifig this mea^jjre of reading ability: The 
best readers' should both"* read quicklv and cpmpjehend much, ' Md, m fact, 
typically their Jast effective readers do score higher on both' speed and com 
prehension. The groups iii-e then put through a yariety of^sks dj^igned ^ 
tap particular processing abilities that might xlistingl^sh them. 

* • * In their first study, Jackson and NfoClelland (1975) replicated Gilbert's 

(1959) resufts and investigated the possibility that faster readers might 
'pick up more from a single fixat im because they ^have a visual sensory pro - 

cessing advantage. Bat faster readers^actually showed^o greater ability to 
-pick up information p^sented at* the^^rl^ery of t^e visual./ield', nop were 

their thresholds /b^ier for, detecting .a-si5igT?Heher undeV conditfons of p;e- 

and post -exposure patterned masking. » ^ \^ 

At the other extreme frpm h/sic sensory processes,^ fast readers migh.t be 



_^^ter.atj^filling in mis^iH^^fonnation on"§ie basis\^context;ual cues., Or, 



.they might have^ superior understanding of the orthographic cohstraints of the 
English language, and thus be more e'ffecuve at guo^^^'missing" letters in 
words. Finally, fast readers might simply be abK^'to hold more^material ijn 
short- teim ra^ory. :^t, Jacksoiwnd McClelland (1975^) found that'fast readers 
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maintained thdir superiority over slow readers even when forced to pick 
between two words differing in but a single letter, both of which, fit the 
coTlte^t of the previous sentence but only one of which had actually appeared. 
Contextual cues could not guide such a choice. Furthermore, fast readers 
could reW accurately a larger percentage of a string of briefly presented . ' 
random letters, so the superiority shows itself evfen when orthographic regu- 
larities ar^ eliminated.^ This last result also suggests that the fast readers' 
visual processing advantage is ind^^ndent of lavage -comprehension processes ' 
•je5pons^ible for our understanding ^the meaning of what is read. Finally and . 
relatedly, greater shon teiin memory capacity does not seen responsible for 
the fast readers' superiority on the tasks described above, for they wer^ not 
superior on an auditory version of the unrelated letters task (Jacfoon § Mc- 
Clellandff^ L979), 

What, then, accounts for tffe superior performance of more able readers in 
extracting infofmation from a brief presentation of text or letters? The ^ 
suits thus far point to some relatively central processing .capacity that seems 
'visually specific, but attempting to identify what this capacity might be re-' 
quires specifying a theory of reading, Jackson and McClelland (1979) do not 
attempt such a theory, but they share^the central assumptions of many informa- 
tion-processing theories of reading (e^g,, Estes, 1975; Frederikson, 1978; 
Rumelhart,' 1977) that the processing of information in reading pccurs simultan- 
eously and interactively at..many differentT levels of analysis, which are loosely 
hierarchically organized. In constructing a conceptual representation of what 
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is read (understanding the meaning of the text), it is argued, there are 
subproce^ses corresponding to analysis of visual features, letter clusters, 
words, and semantic/conceptual meanings. The output of each level of en 
ing and analysis may serv^e as input to the level (s) abava it, and may ^n\^jrn 
be influenced by output from these higher levels. The problem becomes one of 
isolating level (s) of processing at which fast readers have an advantage. 

To this end, Jackson 'and McClelland (1979) utilized a variety of matching 
tasks, in which the subject responded a$ quickly and as accu^^ately as possible 
whether? two presented stiiitaiti. were the "same" or "different" according to a 
specified criterion. The stijnuli to be matched and the criterion for respond- 
ing "same" were chosen to reflect different, levels in the processing hierarchy 
leading to reading with comprehension. The primary matching tasks of interest 
were: letters, where the subject is instructed €o respond "same" if the 
letters have the same name (e.g., Aa) or are physically the same (e.g., 
AA; after Posner et al., 1969)'; words, where the subject 

responds "same"* if the words are synonyms; words, where the "same" response is 
given to hOTionyms; pseudo-words, with a "same" response to homop}iones; and 
simple dot patterns, with a "same" response if the patterns are physically i- 
dentical. The tasks thus were an, attempt to reflect, respectively, the process 
of forming, letter codes, word meanings, verbal (articulatory) word codes,, and 
visual code^. In addition to the matching tasks, the test battery included 
measures of listening comprehension and of verbal ability, 



The results were that fast readers had shorter react ion. times on all t 
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matching tasks except dot patterns. ' this exception is important, fqr it in- 
dicates that the advantage of fast readers does not Jie in more rapid encoding 
^ or comparison of any visual display. In the mjltching tasks that did show a 
fas^ vs. average reader difference, the magnitude of the difference was gener- 
ally proportional to overall response time. But again, the dot matching task, 
which had the longest response times, diti not shov^ a difference bet^n readers 
of varying ability. . 

Given only these results, the fast reader advantage could lie at any or 
all of the levels of processing presumably tapped by the various matching 
tasks. But Jackson and McClelland (1979) subjected their data to a variety 
of correlational, partial correl^ional , and r?gressfon analyses which clari^fy 
considerably the interpretation of the findings. The simple correlational 
analysis showed that the single strongest pfedicter of effective* reading speed 
was a measure of listening comprehension^ in which the subjects answered a se^ 
of questions about a passage which was read tp them at normal speaking rate. 
The listening comprehension measure accounted for about half the variance in^ 
effective reading speed. This measure was also statistically independent of 
the react ion- time measures from the matching tasks. ^ The strongest predictor 
of reading ability in this study then seems to be a modality- independent set 
of language comprehension skills for understanding and remembering meaningful 
discourse. A subsequent stepwise regression analysis, with variables entered 
in the order of the amount of unexplained variance in reading ability accounted 
for, confirmed that listening ccmiprehension wa^ the most powerful predictor of 
reading ability. We will discuss this listening comprehension variable in more 
^detail below. 
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The cqrrelational analysis indicated that tHe reaction-time measure which 
most strongly pr^Mirted reading speed' was on the lette? name-match task, and 
the stepwise degression analysis confirmed that th'is reaction-tim9 measure 
accounted for a significant proportion of the remaining variance when it was 
entered after listening COTiprehens ijon . " Sone of the other reaction-time measures^ 
accounted for significant residual variance. And the name-match reaction-time 
continued to account for significant variance in reading speed even when lis- 
tenringcompjehension and the other reaction-time measures were partialed out 
(Jackson and McClelland, ig''^; Table 7) . . Finally, a measure of verbal' aptitude 
(School and College Aptitude Test, Series II', Fonn IC) correlated approximately 
.45 with effective reading speed. However, once the name-match reaction-time 
variable was^entered in the stepwise regression analyses,' verbal aptitude fail- 
ed to account for any of the residual variance. 

These results strongly suggest the letter name-m§tch variable is the 
best measure qf the component of reading ability 'that is'pidked up by the re- 
act ion- tijne*matching tasks. In inteirpreting the difference on this task, Jackson 
and NfcClelland suggest that fast readers have svHLfter access ^ letter identity 
codes stored in long term memory, a claim similar to Ihe one that' tot ' •* 
' et al. (1975) have made for high verbals. This is consistent.with the lack of 
any Relationship between the reaction-time tasks and the. listening COTiprehension 
task (letters were not ^involved m the latter), as well, as with the obtained 
differences between fast and average reader's on the syrfonym, homonym and homo- 
phone tasks, if we make the reasonable assumption that letter identification is 



a component of fluent word id^tdf ication (e.g., Estes, 1975; McClelland, 1976). 

^ ^n his doctoral thesis, Jackson (Note 2) attempted to clarify the natui^of the 
name^match reaction- time advantage for fast renders by addressing ^two questions: 
Is the fast reader advantage restricted to letter codes, or does it appear when- ' 
ever any me^ingfuL (i/ameable) visual stimulus is presented? Secojid, if the' 
difference is found on other meaningful material besides letters (or words), is 
is attributable to differential practice with the nameable material, or does it 

: occur even without differential amounts of practice? The second question has ' - 
sane implications for the possible beneficial effects of mere practice in 
identifying letters and words in improving the perfcTrmance of twordjFffeaders . 
Jf better^ readers come to the reading situation with an al ready -^s ting super-, 
iority in ability to access memory' codes for any meaningful pattern, Regardless 
of familiarity with it, one would be less sanguine about the possibility that 

. practice could close the gap between readers of differing ability. 

. Jackson (Note 2) feplicated many of the results of the previous work\y Jackson 
' and McClelland (1979). In addition, he found that fagter ^aders were quicker 
to. respond whether two' line drawings wei^or were not meflfbers of the same general 
category (e.g., toy, vegetable, jjtusical instrument). This category-match re- 
action-time variable' correlated -.29 with the measure of effective reading 
, speed (with faster reaction times Associated with superior effective reading 
speed). Name-match reaction tilne correlated -.35 with reading speed. And 
category-match 3hd nane-match reaction times correlated .42 with each other. ^ 
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Each contributes significantly to effective reading speed ^when listening com- 
prehension is par ^al ed out. }Jo5t iniportantly, the two^r^actionctijne tasks 
seem to^be tapping the same component of reading ^ability, for when, either is 
partialed J3Ut, the correlation of the other withv i:eading speed drops essentially 
to zero.^ So the name -match react ion -time measure is an itidex of a ver>' general 
processing ability to access rapidly a learned code in memor>' for any meaning- 
ful visual material. 

That this ability is independent" of practice with the particular visual 
material processed is strongly suggested b> a second experiment (Jackson, Note 2) in 
whidh the stimuli were an unfamiliar character set constructed by Rising fe^ures 
similar to those found in letters. None-^f the chajj^ters closely resembled 
existing letters, however. Fast readers showed no advantage in a physi^aj/ 
identity matching task. Bji£ when pairs (5 pairs in total) of these characters 
were giyfen one- syllable ^nsense names, and the subjects were required to re-^ 
spend "same*' if the two characters shown had^ the same name, fast readers showed 
roughly a 100 -millisecond advantage over average re^rs on this task. This 
difference occurred despite the 'fact that the two groups did not diffe^in ^ 
amount of practice with or prior exposure^^ the characters, in that both groups 
^^amed the names in the same small number of trials. - 

The upshot of this elegant body of research is that relatively proficient 
adult readers differ from les^ proficient ones in the rapidity with which they 
can execute* a^ basic visual infonnation-process^g skill --that is, access frOTi 
long-term memory to the name for any meaningful visual pattern. Letters appear 
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to be the meaning^bl. visual patterns involved in reatiing. but the infonnation- 
processing skill at which proficfent readers have an advantage is apparently 
much more general than the ability to' access the names of leitprs. ' The re- 
sults seem to suggest that better readers bring to Reading a "talent" inde- 
pendent of practice with the particular material being viewed, and independent 
of the language comprehension skills that account 'for the bulk of the variance^ 
in reading ability in these studies. Though the.results are impressively i 
consistent from study to study, and make B .coherent conceptual package, it ^s 
perhaps worth remembering thai the correlation betv^-een riding ability and' 
this processing skill as_ indicated by the various reaction-time tasks was/' 
generally in the .30 ra;ige. which accounts for only approximately 101 of the, 
variance in the data. And ever, this may be an inflated estimate, sinc/the x 
reading g?!>ups were selected to, be nonoverlapping in ability 

The listening canprehension measure, on the other hand, did account for a 
very large ^proportion of the Variance (typically about SOI) in e^fiitive read- 
ing scores in these studies. We might ask what particular skills are involved 
in listening comprehension that would contribute to reading ability, and the 
possibilities are clearly numerous. People who can comprehend discourse better 
may hav? better knowledge of word meanings!, bet^ter short te^rm memory capacity 
(although this seems unlikely; see. e.g.. Perfetti 5 Goldi^dn. 1976). better 
^ilitv to maintain continuous attention in the task of /Understanding "(Jackson 5 
McClellana. 1979) better ability to utilize stnlcture^/and context of discourse 
so as maximally to devote processing- resources where /ost neMed., or a variety 
of other advantages. 
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This last possibility was investigated in a series of studiesHy Perfetti 
and his colleagues (see especially Perfetti, S Goldman, 1976; Perfetti 5 * 
Lesgoldfc 1978J . These authors utilized a variety of techniques to investigate 
thetx^ssi-fe^lity that; good vs. poor readei^ would be differejutially sensitive to 
aspects of discourse structure that might be related to ease of 'comprehension 
of meaningful mSiterial. Specifically, they investigate^ the possibilities' (a) 
that aspects of sentence- and thematic- structure of discourse would affect 
subjects* ability to comprehend and remember spokeh.or wnitt«a>fatetial , and 
(b) that good readers would profit more from discourse organization than poor 
readers. Th§y*T)erformed several experiments , 'and the findings coi^verged in 
support of (a) but provided no evidence whatever for (b) . 

• 3 ^ 

Consider memory for spoken ^or written material * Rerfet^ and Le^gold* 
(1978) performed several ."probe discourse experiments," in which the subjects 
thsk is to read (or listen to) material presented to Him or her, and to attempt 
to remember it. Every now and then, a probe word which had occurred recentj^ in 
the text is presented to the subject, whose task is to report the word (called 
the target) which had iumediately followed the probe word in the text: It is 
possible t£^ manipulate a variety .of aspects of discourse structure between the 
target's position in the text and the occurrence of the probe test item, and , 
thereby to see whether 'good vs. poor readers are differentially sensitive to 
them. Perfetti and colleagues did this in a variety of studied, using as subjects 
typically, 3rd to 5th grade students ^f differing reading ability but matthed 
^n'lQ. • • 
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^ As three, examples, of this; manipulation 6^'efwVted~in Petfetti 

19'5^8), the^^ varied. (1) the number of. ward&^-^ntervening betv^een target andH^robe 

« - • ^ 

test, and whether these words vvx^re .within the sajro . sentenoi or across sentence^ 

boundaries^ (J whether the context in which sentences were presented to sub- # . 

jects was normal or^ scrainbled^. and whether the material, intervening betiveen 

target an<l probe test item referred 1o material already. "givenV earlier in the 

^text, or introduced "new" material/^see Haviland 5 Clark, 1974). In each .o^ 
thes^ cases,' we*would e:(pect a main effec^ ot* discourse 5truc&re: Memory should 
be betjter for material within a sentence than across sentence lines, especially - 
if a larfee number of wprds intervened between* target and test. It should also be 
better for niateriaf presented in a meaningful context. And 'it should^be better 
when "given** rather than "new** information intervened between target- and test. 

^All "of these predictions were confinned, presumably because in each case the 
njaterial is easier to process when the discourse is more structured. We should 
also expect in each case a ml|in effect of reading ability: Good readers should 
remember more from spoken or written passages than do po<5r readers. The resul^p 
clearly supported this prediction as well. But are good re^iders niore proficient 
because they are better* able t9 take advantage of the structure of discourse? 
Perfetti and .Lesgold*s (1978) answer is an emphatic "no". In no case was there 
a s.tati'stical interaction between reading abiMty and discourse structure.- Poor 
reader^' memory for the material was helped (or hindered/ by ^^iscourae structure 
(or its absence) every bit as much as that of. good readers. Determination of ^he 
precise nature of the listening comprehension differences between good and poor 
readers clearly awaits further investigation. 
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We turn, finally, to an information-processing *^ippro§ch to reading that 

retains the assumption that reading can be viewed as a set Qt interactive com- 

ponent processes, but adopts a different method froin Jackson and MdClelland fQr 
* » ' . " 

identifying those processes and testing th^ir relationship to reading ability.** 

We highlight this work by Frederiksen [19"8, Note 3J because , the the critical:* approach 

and research methods clearly have prbmise, although 'the data base on which the 

conclusions rest needs Expansion. 

The component processes in reading hypothesized by Frederiksen are 
Perceptual Encoding, Decoding, and Lexical Acpess. Encoding is divided into 
two processes- -Encoding of Graphemes and Encoding of Multiletter Units. De- 
coding is also divided int&'^o separate processes--Phoaemic^ Translation, which 
involves applying letter- sound correspondence rules tc5 derive a phonological/ 
phonemic representation, and Articulatory Prograiming, which refers to "auto- 
"maticity j«i deriving a speech representation, in the assignment of Stress and 
* ©th^pTosidic features" (Frederikserf,M978, p. 29). The component processes 



aS^^^'umed to be hierarohTcally organized, although Frederiksen (1978) ex- 
plicitly states that the initiation of , the "higher" processes need «ot neces- 
\ -sarily await completion of earlier ones. With these assumptions about the 
,V nature of reading, Frederiksen *%. overall research goals were three:, (1) to 
deriye Jaformat ion -processing tasks that should be measures of these separate 
*component processes, (2) to show, Cy factor analysis, that the hypothesized 
• five proces5K?§ do best represent the pattefn of correlations among the tasks, 
and (3) to show that the factor structure actually is related to scores on 
standard tests of reading Ability. ' , * '* 
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We do not here consider in detail the tasks selected (see Frederiksen, 
IQ'^S). But the gen/;ral idea was to choose tasks such that different conditions 
of a task [for example,, responding "same" to name- identical versus physically- 
identical letters) should place different demands on one of the hypothesized 
proc^sing canponents of reading (/irTt^iis case, Grapheme Encoding). Then, 
reactions-time differences were computed between conditions for several such 
tasks in the expectation that these differences should highly correlated 
if the tasks tap the same component process. In certain cases, the reason why 
a particular reaction-time difference should tap a particular component process 
was unclear. Nevertheless,#rederiksen (1978) found that }}is' hypothesized five 
factor structure (one factor coip^sponding to each of the five hypothesized com 
ponent processes) providedTaiNijnpressive fit t'^the pattern of correlations 
among the eleven react ion- time differences computed. Further, he was able to 
.,show statistically that simpler, four - factor jnodels did not provide an adequate 
fit. * • ' ♦ 



Frederiksen (1978) tested the relationship between his component process 
ses, as revealed ^ih the factor structure for the chronometric tasks, and reading 
ability on a san^)le of 20 high school sophomores, juniors, and seniors \iho repre- 
sented i wide range of reading ability levels. Three measures of reading ability 
were assessed,' and the multiple correlations of the five factors with the reading 
scores ranged from a low of .73 for the Gray Oral Reading Test', to 1.00 for the 
Total Score on the^NeIst)n- Denny Reading Test. These multiple correlations are 
particul^j^); impressive v^en it is noted that none of the reaction -time tasks 
defining the factors involved reading anything more complex than a single ^ord 
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or pseudo-word. The factors with the heaviest loading on reading scores in . 
this sample were Encoding of Multiletter Units and Articulator/ Programning, % 
but we do not make much of these relative weights because the sample is so small 
and the findings ^learly need to be replicated. For the same reason, we ^o not 
make an explicit ccnrparison with the findings of Jackson and McClelland dis- 
cussed above, save to mention that Frederiksen (1978) did find that the name- 
identity versus physical -identity letter matching teaction-time difference sig- 
nificantly- discriminated between good and poor readers. Also, if the Frederiksen 
results hold up, it should be possible to tap chronometrically what Jackson and 
McCle*lland Jiave called listening comprehension with simple information -proces- 
sing tasks. But the most attractive feature of Frederiksen 's work is the 
explicit stat^nt of a theory of reading as embodying particular component 
processes, along with the sophisticated methods for testing for the exis/ence 
of those component processes and their relationship , to reading ability. 

On the basis of the work described, we can draw some general conclusions / 
about the information -processing abilities that discriminate between relatively. 
" good versus poor readers . The difference is clearly not to be found in low- 
level sensory capacities (Jackson § McClelland, 1975). Nor does it derive simply 
%,^^S^/mre exposure to or greater familiarity with letters (Jackson, Note 2), At 
the other extreme, good readers do not seem to different from poor readers in ^ 
high-ie^el sensitivity to discourse structure (Perfetti S Lesgold, 1978], al- 
though this is not to say that food readers cannot more effectively utilize 
contextual cues in some circumstances (e,g,, see Frederiksen, Note 4), All of, the 
extensive work by Jackson and McClelland converges on the point that ^ood readers 
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can more quickly access the naine of any meaningful visual pattern, regardless 
of practice with it. And there is the very intriguing suggestion in Jackson 
and McClelland (19''9) that this ability may totally aqcoimt for the c^en- 
found association between measures of verbal ability and reading ability. 
Finally, there is the possibility (although we are skeptical] that measures of 
basic infonnat ion -processing abilities, if carefully selected* and tied to a 
component -processes theorv of reading, ma> account fpr much more of the Variance in 
reading ability than the approximately 10) or so gpner^lly found in the literature^ 

** " ' ^ 

Spatial "Ability * 

' \ ( ' 

, The tern "spatial ability" is often thought to refex to' cOTipetence in 
encoding, transforming*, generating ,j^Kmd remembering internal representations 
of^objetfts in space arid their relationships to other objects and spatial po- « 
si^ions.^ PsychOTietric tests^ providing measures of levels^^^ spatial ability 
have been available since the tj^ of Thurstone (1938). We will not undertake 
a review of the 'ps^|^me trie literature on tests of. spatial ability here. Rath- 
er, wejxiint to two'i:ecent Reviews of psychometric and correlational studies of. 
spatial at^lity (Lohiitan, 19:'9a; McGee, 1979) t^iat indicate the existence of at 
least two, separable but correlated major spatial facotrs and several minor ories.^ 

^T\ie first of these factors—Spatial Visualization—refers tO the ability . 
to manipulate mentally representations of visual objects.- Tests measuring ,this 
ability Iq^d on Guilford *s '(1^69) factor labeled Cognition of Figural Transformatio 
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A typical item^'one such test might require the testee to image a parpcu- ' 
✓lar object having undergone a particular spatial transforation (.a.g. ^ ^ 
a 90 degree rotaticjn) . The picture showing the result of that spatial , 
transformation must then be selected from a ntimber 'of alternative 
pictures. The second major spatial factor-- Spa tiif I Orientation- -refqrs to the 
ability to determine spatial relationships with respect to an imagined orii&nta- 
tiop of one's, own body. Tests.^neasuring this abilit> load on Guilford's J1969) 
Cognition of V'isual Figural Systems factor. A typical item*on such a tost might 
require the'lesteevto detgrmine v4iich of a number of pictiA-es of landscapes ac- 
curately shows what he. pr she would. see from the cockpit of 'an aiiplane shown 
in another picture. - ^ 



Tests of-spatial ability have been shown to predict well x:ertain aspects 
of job performance, technical school success, and success in engineering, cal- 
'cuius, and other mathematics courses (see McGee» 1979', and Smith, 1964, f(5r re-' 
views). From our point of view, tests of sjpatial ability provided iiyieresting 
place to look for attentional and perceptual correlates of ihtelligeiice for two 
reasons: First, the information-processing demands of these tests (e.g., imag- ^ 
ining transformations on visual objects) seem, intuitively, to have much in 
cpmnpn with ordinary perceptual processing. Second, unlike tests of .verbal or 

reading ability, spatial ability tests do not seem particularly dependent on ' 

$ » • 

» specific world knowledge. It might be in just this situation- -when the.corttri- 

bution of knowledge is minimized- -that the contribution of basic information-' 
■ ^ • § 

. .processing skills to ability measures could.be most clearly revealed. ^ - f 

-T^In the discussion that follows, we hope to accomplish several goals. - 
.First, we. review some of the information-processing studies of tasks thrft seem 
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^to require skills simiiar to those tapped by items on tests df spatial 'ability. 
In particular, we provide evidenck for sources of individual and group differ-^ 
^ ences in performance, on these tasks. Second, we examine studies which have 
specifically tried to relate measures of spatial ability to parameters of 'in- 
formation-processing models for ptrfomance on tests of spatial ability. 
FinaUy, we attempt to 'make' sense of the results of theSe studies, and we 
. point to potenual ^ew directions in investigatin^th^ nature of spatial ability- 

^One information-processing task that has received considerable' current 
- attention and that bears similarity .to visualization items oiT tests of spatial 
^ ability is the "mental rotation" task first studiwi by Shepard and M^er 
•(1971). -«In.^.r initial experiment, Shepard and Metzler asked subjects to 
determine whe.ther pairs of perspective drawings of three-dimensional objects ' 
were the same in shape or werejnirror images. In addition to a possible dif- 
^^erence in shape, the objects could differ in their portrayed orientations" 
either in the picturl plane or about an axis in depth. The most significant' 
result of Shepard and Metzler' s study was that the time required to make' the . 
"same-' different" disc'i^imination increased linearly with the difference in *he 
^portrayed orientations i>i the two objects' in the pair. Shepard and Metzler 
interpreted these results as suggesting that subjects perfumed tjie task by 
imagining one object in the pair rotated into the orientation of the other 
^ object and then-^ comparing the transfomed international representation with 
* the second object to detemune whether there was a match or a mismatch in shape. 
Presuniably. the slope of tho. reaction-time function provides aivestijnate of the 
rate at which this mental manipulation can be^caried out, and the intercept 
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provides an estimate of the time required to encode the two objects in the 
pair, to compare them following the^mental rotation, and to select and exe- 
cute the response of "same" or "different." 

Subsequent stydies off this process of mental rotation have shown that 
when familiar visual stimuli (e.g., letters of the alphabet) are shown in- 
dividually in nonstandard orientations, the time to determine whether they 
are normal or reflected versions increases monotonically with the extent pf 
. their departure from the canonical, upright position (Cooper § Shepard, 1973a, 
1973b). la-addition, linear react ion- time functions, indicating a proce^i^^j^ 
mental rotation, have been demonstrated for stimuli such as random polygons 
, (Cooper, ^ 1975), and Cooper and Podgomy (1976) have shown that the rate of 
mental rotation of such polygons is unaffected by the complexity of the visual 
figures. Orderly relationships between decision time and extent and/or num- 
ber of spatial transformations have-not been limited to tasks -in which the 
transformation is specifically one of* rotation. For example,^ Shepayd and 
Feing (1972) have reported that response time for "mental paper folding" items, 
similar to surface development items cm tests of spatial ability, increases . 

-H-inearly with the number of transformations required to cwnplete the items. 
* • 

Models of the processes underlying these mental transformation tasks 
can*be considered' as char acterjizat ions of the operations involved when a 
given subject soL^es a given visualization item on a typical test of spatial 
abilit]js Is the'e any evidence from the information -processing literature for 
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individual differences in mental trailsfonnation tasks that might ultiinately 
Be related to psychometrically measured spatial ability? In fact, in all of 
the studies cfted above," substantial individual differences in both rate of 
^ mental transfomation and in encoding, 'comparison, and^response processes 
•have consistently b.een found. For example, m the Cooper (197S) study, slopes 
of ^he linear function relating reaction tune to angular disorienta.tion (expres- 
sed in teims of rate of mental rotation) have ranged fran 320 to" 840 degrees 
per second for individual subjects, and intercepts have ranged form 300 to 
lOOO milliseconds. TTiese differences are difficult to interpret from a psycho- 
metric viewpoint, however, because the number of subjects in each study has 

^ been small and the subjects have been selected from a population that undoubt- 
edly woul< score high on tests of spatial ability (generally, university 

^^graduate student? and faculty). Inj^ed, ih the original Shepard and Metzler' 
(1971) study, subjects were initially screened on the basis of a series of 
tests of spatial ability. In a subsequent study, Ntetzler,and Shepard (1974) 

^ systematically investigated the effects of sex and handedness on' mental rotation 
(again, with a ^mall number .of subjects), and no compelling or consistent patterns 
emergeimthe data. * 

NforTrecei^ly, Ka'il and his associates (Kail, Carter, § Pellegrino, 1979; 
Kail, Pellegrino, § Carter, 'i980) have used larger samples of subjects to"' 
investigate "both developmental and, sex differences in fiiental rotation studies. 
The developmental studies (Kail et^al., 1980)-using subjects from grades 
3_, 4,6, ^and college inditate that the ?ate of mental rotation increases with 
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incr^ing chronological age, and also that the intercept of the reaction- 
tijne function decreases as age* increases. In addition, these investigators 
found interactions between age and stimulus^familiarity for encoding, com- 
parison, and response processes (the intercept parameter). To the extent that 
one accepts the view that older subjects are generally more able, these results 
. suggest^ that mental trans formatiorr processes' are quicker and more efficient in 
those of higher ability.^ - ^ ' ' 

Within ercollege population,^ Kail et al. <1979) have examined sex differ- 
ences m performance on a mental rotation task. To the^extent that mental ro- 
tation tasks require €he same underlying* processes that are measured in tests 
of spkial abilit^^, such an investigation is quite reasonable. For, there is a _ 
substantial body of literature documenting the superiority of males over females 
on" psychometric tests of both. the Visualization and the Orientation* factors of 
spatial ability (see McQee, 1979, for a recent review of this literature). The 
Kail.et al.^ (1979) results can be summarized as follows: No differences were 
found between the sexes in the intercept of the reaction- time function,^ which 
presumably ^reflects the speed of encoding, cwnparison, <md response processes. . 
Somewhat curiously, given the psychometric literature, overall accuracy was also^ 
roughly equal for men and women. The extent to which tf\e male and the female 
,data were fit by Unear functions was also equal, suggesting that both sexes 
did indeed use a process of mental rotation in solving these spat ial' problems . 
The ch'ief difference between the sexes was 'located in cthe slope of the reaction- 
time functions, with the men aVerall having a faster .raje of rotation than the 
women. Closer exini^ation of the data revealed that the variability of the 
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slopes was considerably greater for women than for ^n. with about 301 of the 
distribution of slopes for woijen falling outside of the distribution .for men. 



. 'Tliis study, then, is indirect support for tfie idea that speed of mental 

transfoHTiation is related to spatial ability. The support is only indirect. 
^ because no a.ttempt was made to correlate-psychoinetricaUy measured, ability 
, ^ith parameters of performance on the mental rotation task for this set of 
subjects. I^jther. the argument rests on the assumption that these subjects 
would show the same sex differences in spatial ability that are characteristic 
_ of other^ populations. In any event, the studies of Kail and his associates " 
and €SarlieT^studies of mental" rotatiorf pfovide 'compelling evidence for individ 
/ ual and grouj) differences in the rate at which mental transfomations on rep- 
' resentations of visual objects can be carried out. 



Several recent programs of research have taken further step of at- 
tempting to relate measured spatial ability to parameters of in^rmation- 
processing tasks. We concentrate primarily on a seties of studies by^Egan ■ ' 
(}976. 1978, 1979,>Vote 5) although k^hman '(1979b) has also reported an extensij^e 
if not readil>£ interpretable study along these .game lines. 'Bgan's basic ap- 
proach has been to recast items on, tests of visualization and orientation 
abilities into an informa'tion-processing/latejcy framewbrk. He then examines 
the relationship between bverall accuracy on the psychometric tests and latency' 
• on the modified infomation-processing tasks. He goes on to develop process 
models of the -ope/at ions underlying perfom^ce on the in format ion-processiiig 
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tasks, and .he seeks ^^o establish relationships between parameters of the 
process models and psychometric measures of spatial ability^ a 

In all his, studies, this subjects have been Aviation Officer Candidates 
and Naval Flight Officer Candidates. An exanrple of a psychometric test of 
orientation ability that Ega^ has used is th^U.S. Navy's Spatial Appercep- 
tion Test. In the standard version, the testee-is shown a particular aerial 
view of a landscape, and he must select frcm among five ai^^^lanes the one 
oriented appropriately so that a pilot lif the cockpit would see that particular 
aerial vievj. In the ihformation-processing/latency version of this task, one 
landscape paired with one airplane orientation is presented on each trial-, and 
theNubject must determine as rapidly as possible whether they are or are not 
correctly matched. An' example of a psychometric test of Visualization ability 
that h& ha3 used is the' Guil ford -Ziflpnerman. Aptitude Survey's Spatial Visual iza- 
tion subtest* In the standard version, the testee must mentally rotate an 
alarm clock in a specified sequence, ^d then select which of five depicted 
clocks matches tfie final position in the sequence of transformations. In the 
latency version of this task, only one of the five alternative clocks is * shown 

paired with another clock and the*^ ecified sequence of t rans format ions- - 
and the subject must determine as rapidly as possible whether the test clock 
accurately depicts the result of the set of ment^ rotations. 



r 



In some initial studies, Egan (1976, 1978) found t{i?^ following pattern of 
ationships among the«accuracy and latency. measures on the psychometric tests 
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. and the modified infonnation-processing versions^ Correlations among ac- 
curacy scores both across tests and between -the psychometric and information 
proojssing versions of a given test were generally high and positive. Also, 
latency scores correlated positively across mformationrprocess'ing tasks., 
ffowever, the correlations ben>feen accuracy and' latency measures were gener- 
ally low and negative/ This failure to find a correlation between the 
accuracy =and the reactioTi-time measures i5 not due to an unreliability m 
the Reaction times; for, reliability of the latency measures was generally 
as high as for the accuracy measures. Further evidence for the ir^ependence 
of the accuracy and the r^acti^on-time indices, derives from a factor analysis 
of the matrix of ■ intercorrelations , in which the latency tasks and the ac- ' 
curacy measurers clearly loaded on separate 'fac^iors^ (Egan, 1978), * 



^This pattern of results is puzzling, because the psychometric tests--- 
on which overall accuracy is measured- --are nonetheless taken under speeded 
or tijne:lunited conditions, \^s, the 'speed wi^h w^ich the mental operations 
VQderlying completion of individuM^tem can be performed should presumainy 
be reflected^ in the overall ^accu^acy scores, Ther^ are several possible — " 
reasons for this lack of relationship between reaction time and Accuracy, 
First, ^the two measures' could be indices of separate a^pect$ of spatial 
ability. Second, the latency measure could h3ve nothing to do with spatial 
ability, as measured on psychometric tests, but could rather reflect nothing 
more than some "general" speed factor, tWe will consider this 'second possi- 
bility in some detail in a later section of this paper,) The third and most 




interesting possibility is that while accuracy and overall lateno)' are 
not correlated, it still could that measured spatial ability correlates 
with one or more components of tfie reaction- time measure which reflect the 
time required for differei^t mental operations. 



To evaluate this third possibility, F.gan (1978, 1979, Note 5) developed pro- 
cess Tliodels of the mental operations in the reaction- tinfe tasks and attemp- 
ted to find relationships between spatial ability measures and different 

parameters of the models. We consider first his process model of the re- 
« 

action- time -version of the orientation task. Briefly, the model proposes 

that the subject first encodes the orientation shown in the aerial^iew a^ 

the orientation of the observer in the cockpit of the airplane in Jprms of 

a number of different spatial dimensions (in the case of items on t^iis task, 

the dimensions would be extent of rotation about three different axes in 

space). The values of the two encoded representations on thes« spatial 

dimensions are then compared sequentially. As soon as a mismatch is found, 
< ■ * i> 

the response "nO" can be exed^fed, and the "yes/' response can be executed 

N 

only after, all three dimensions have been compared and f6und to match. This 



model clearly predicts ^hgt the time taken to respond will increase as the 
number of dimensions .on vAich the two pictures match increases. The slope 
the "react ion -time functipn should provide an estimate of the time for a sin] 
dimensional comparison, and the intercept should reflect^ the» time needed for 
encoding *and response selection and execution. 
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^ Egan (tote 5) fo'und that the group data generally fit' the'model well, in "thkt 
. latency scores increased .lineqrly with the number of matching spatial di-. 
raensions. ' But to what extent mi^ht accui^ scores, br measures of spatial 
■ ability be telated to either the rate of comparing spatial dimensions or to 

sReed of encoding and r£spo;ise processes" Correlations of intercepts\ 
. sdopes. and.degree of linearity the reaction-time functions with spatial 
ability measures revealed only two sigi\ificant relationships. First, the 
degree to which the latency functiens were linear was positively correlated 
with measured spatial ability. Second, for a subset of the subjects, the 
^nteitept param^r showed a significant negative cori:elation with ability 
measures. l\Tiat these results suggest is that the basic in format ion- proces- 
sing skill contributing to high scores on^spatial ability tests is efficiency 
or speed of encoding and response processes, rather than the efficient 
^with which spatial dimensions can be compared! *The degree of Imearjty of 
: tfip reaction-time functions may reflect the extent to which subjects were 
consist^ in using tlje dimensional comparison strategy, and this, too, was^ 
positively, related to measured spatial ability. 

A similar and somewhat disappointing picture emerges from an' analysis of 
the relatiouslrip between^hypoth^sizeJ infonnation-processing ^^^T^mS^a^in 
tj\Q Visualization task and psychometric me\s«res o^ spatial ability. Egan^s 
(19-^6, 19-^8, 19^95 information-proces^ing/latency version of the Visualization 
, . test is basically the* mental rotation task discussed above. The intercept of 
, -the react ion- time function can .b* thought of as the tijne required to encode 
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the two visual objects in the pair, tfe'xompare them following the mental 
rotation, and to select and execute, the appropriate response. The slope 
provides an estimate of the .speed of the actual process. of mental tr^s- 
formation. (The model that Egan, 1976, 1978, 1979, proposes for this task 
is slightly different "from the above account of the component processes in 
mental rotation.^ It derives from Just and Carpenter's, 1976, analysis of 
patterns of eye fixations ^^^ile subjects perform a mental rotation task.) 

As in his analysi^Jff the Orientation task, Egan (NotTSj) found support frofti the 
growp data for his information-processing. analysis of the Visualization task, ' 
in that reaction *tijne increased approximately linearly with the angular dif- 
ference between the portrayed orientations of the two visual objects to be 
compared. However, correlations between the slopes o^ the functions for - 
individual subjects and measures of spatial ability were generally quite 
low,' while the correlation between intercept and accuracy (the ability , ■ 

^a3ure> was a s t is ticSlly, significant -.30. Once again,^it appears that 
efficiency of e^cod^^^d^Dmparison processes --not^r^^ lif mentaT t£ans- 
formation- -is 4 trasic*information-prdtessijpg 5kill underlying., Spatial abil°ity. ' 

'die further aspect of Egan's d&ta deserve? mention. « ^^additioif to la^- / j. 

ency versions of the psychometric tests, ^e^OJOtluded a* two-^choi«p i:(»actiQn> 

time task. Latency scores on this task had eenerallyUow correlations w;t^ „ 

V * ' r ' - ^'^ . ^. ' 

accurac> raeasures/^^^sllns suggests that the significant corr^l-ation between ^ ^ 

intercept and ability in the mental rotation* task reallv dpes reflect #ffi- •* 

ciency of visual coding and comparison operations, rather than re^pon^^ 
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processes "or a general speed factor, both of which are measured in the 
choice reaction-time task. ^ ^ 

In suramary, tfi^ Egan studies provide little support for the appealing 
notion that the speed with which mental trans fomat ions such as rotation 
or comparison of spatial dimensions can be carried out underlies measures 
of siratial ability. Rather, speed of encoding operations is weakly though 
statistically significantly ^^lated to the ability^ measures . A similar con- 
clusion can be draivn from the work of Pellegrino, Glaser and their .associates 
on the operations involved in the solution of geometric analogies (see Glaser 
§ Pellegrino, 1978 - 1979; Milholland, Pelllegrino, § Glaser, 1980; Pellegrino 
§ Glaser, 1^0). In these studies, latencies for solving geometric^ analo-" 
gies varying \n difficulty— both in terms o£ the number of spatial,;5transfon.- 
ations required and "the number of visual elements that must be transformed- - 
have been "examined, and components of the latency measures have been corre- 
lated with psychanetrk measures of ability. A full consideration of this 
impressive body of work"^ beyond the scope of the present paper, 'two of 
their findings, however, "aX relevant to the present discussion. First, 
measures- of the rate of transfcmuitional processing were ijot significantly cor- 
related with ability measures. \ Second, Jihere was a significant negative re- 
lationship (r = -.44) between a^lily scores and intercepts of the reaction- 
time functions (see, also, Stembbrg, 1977). 

• • 

Our tentative conclusion that basic processes of visual coding, represen- 
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t^tion, and comparison ma> contribute more to spatial ability than seemingly more 

comaJ.ex operations such as efficiency of Tn[)ental transformation does not 

/ ♦ . 

.go'^unchallenged. One obvious problem with this analysis comes from the 

studies of developmental and sex differences in rate of mental rotation 

that were discussed earlier (Kail et al., 1979; Kail et al., ]980). 

Recall that in those studies both older subjects and, within an adult 

sample, male subjects were found to have shallower react ion- time functions 

(faster rates of mental rotation) than younger subjects or females. These 

findings suggest that spatial ability and transformation rate are related. 



in that adults are generally more able than children and females tend to 
score lower on tests of spatial ability than do males. The argument is 
nat conclu5i\^, however, because no ps>chometric measures of 'spatial_aj)il- 
ity were available for the subjects m these studies, so a direct co!»rela- 
tional analysis of mental rotation rate and abf-lity score could not be per- 
formed. 

'•■ 

A much more problematic finding* canes , from a recent study by Lansman (Note 1), 
In the portion of this study that is relevant tb.the present discussion, 
Lansman found a strong correlation between scores on a Visualization -fac- 
tor and slopes of reaction-time functions^ from a mental rotation task. 
(The correlatioK^as -.50, Vith faster rotaters scoring higher on the abil- 
ity measure than slower rotaters.) Furthermore^ no significant correlations 
were obtained between this slope parameter and other ability factors, thu^ • 
strongly implicating efficiency of menjial transformation as a component of 
specifically ^p^tial ability. Lansman also reported a significant correla- 
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tion f-.25) between the spatial ability measure and the intercept para- 
- me't^. Finally, in marked contrast to Egan's (1976, 1978) results, a - 

high negative correlation emerged between overall latency on the rotation 
, task and accuracy on the spatial abijitv measure. It is difficult to in- 
terpret I^sman's results as reflecting an overall speed component in ability, 
because the reaction-time measures on the mental rotation task correlated 
almost exclusively with the Visualization factor, and not with other ability 
factors, Ke conclude, then, that there is reasonable evidence for a relation- 
ship between visual encoding processes and measured spatial ability, m that 
the correlation between ability and intercept is ubiquitous.'^ ^ Any evidence ' 
for a relationship between mental manipulation speed and spatial ability 
needs to be established more firmly, however. 



fn concluding this section on spatial abilitv^e would like to point 
briefly to two potentially fruitful directions for research^on basic infor- 
mation-processing skills underlying spatial ability measures. One research 
avenu^ might involve assessing the ^elatlonship^ between spatial ability and 
components of information -processing tasks not specifically derived from 
items on psvchometnc tests. In most of the studies reviewed above, the in- 
formation -procNi^^ng tasks have 'Been adaptations in a react ioo- time frame^wk 

of individual items on psychometric tests of ^spatial ability. Our -understand- 
^g^ 

ing of the exponent processes underlying spatial ability might benefit from 
research in which other kinds of tasks that provide more general measures of 
visual encoding and comparison operations (e.g., "same-different" visual match- 
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ing) are examined in' terms of the relat,ionsHij)s of the processes in these 
tasks to measures of spatial -ability. (See Lansmaa^ Note 1, however, for an i3n- 
^. successful attempt to relate parameters of a model the .^sentence -picture 
verification task to spatial ability.) ' ' 

• A second research direction might involve exploring the relationship 
between the cognitive processes underlying more "ecologicalI\ valid" spatial 
informatidn-procSssing tasks and psychometric measures of spatial ability. A\ 
topic of considerable current interest in cognitive psyc^iologv' concerns the 
, i way in which information about the relationships ^ong objects and locations 

an environment is acquired, represented intemaU> , ^d accessed for^pur- . 
poses of making jiMgments about that envirorimei^t or for purposes oMctual • 
locomotion through the environment from one place to another (see, for example, 
Bkbn f| Jonides, 1979; Loftus, 1976; Kosslyn, Pick, 5 Fariello, 1974; Stevens 5 
Coiipe, 1978, to mention but a few recent studies). 



This research effort to understand the nature of the mental operations 
^and representations underlying "cognitive mapping" has proceeded by and large 
without a concern for determining possible relationships between the processes 
involved in generating and using cognitive maps and the processes contributirig 
to" measures of spatial ability. There are Several exceptions to this general \ 
statement. For example, Kozlowski and Bryant (1977) have successfully cor- ^ 
^ related self reports of "sense of direction" with performance on\a task re- ^ 
♦lated to learning to locomote through an actual environnfent. Even Jhqre 
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relevant for ouV purposes is a prc?l iminary set of studies by Thomd^vke and . 
Stasz (1980). These investigators, have, b^en examining the factors that 
make particular individuals more or less -adept at learning to read .maps of 
fictitous environments.^ On the basis of an initial studv, thev identified 
a variety. 6f processing si^egies that appeared to underlie effective map 
learning In a subseqilint experiment, Thomdvke and Stasz demonstrated 
(a) that certain of the learning^ strategies were trainable, and (b) that 
both kip- learning performnce and syccess in the use of learning strategies 
were positively related to a psychometric measure of spatial ability. These 
initial results are suggestive, and they underscore the potential utility of 
examing the relationship between the operatioRs involved m learning and using 
representations of the environment and psychometric measures of spatial ability 

Sumnary and Evaluation 

Thusfar we have considered* in some detail a number of studies designed 
to uncover relationships ben^'een infomation-processing skills and measures of 
ability. The goal of this- approach to studying individual differences is to 
provide a theoretical^ framework for the analysis of human intelligence. That 
is, rather than dewing ability as some "thing" or trait that is reflected in ' 
a global test score, the effort has been to isolate basic perceptual and cog-, 
nitive processes that distinguish higher from Igwer ability persons. To the 
extent that this effort is 'successful , we should be able to provide an account 
of the nature of ^the mental operations .that make individuals intelligent. But 
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how sucessful has this effort actually been" ^lo\v \se brieflrv rejiev, the 
central findings from experiments on individual dif Terences 'm A-erbal abilitv, 
reading ability, and spatial 'ability. \\e then point to problems in the in- 
terpretation of the results of these experiments, as \vell as to more i^eneral 
problems .with the' infonnation-processmj^ approach to an anahsi^ rf a^ilit^. 
Detailed and subtle methodological criticisms are beyond « the scope of our 
discussion. However, several excellent methodological papers have recent 1> 
appeared (see, for, example. Baron Treiman, 1980; Carroll, 19'8, Hunt 5 
MacLeod, 1978; NfcClelland 5 Jackson, 19"81. 

Despite the -relatively large amount;^ of exper utiental work, fey, consistent 
findings have emerged fron> studies of the refationshir) between information- 
processing tasks and* verbal ability. The one clear resul.t, obtained by 
virtually all investigiftors, is that high verbal subjects show a smaller 
difference than do lo\v verbal subjects between the time needed td determine 
that two letters of different cases share the 'same name and the time needed 
to deteimin^ that two physifall\ identical letters are the same (the NI-PI 
difference). The general interpretH^on of this result is that high verbal 
subjects enjoy faster access to overleamed codes in memor>- (letter names) 
than do low Verbal subjects. High verbal subjects may also have more rapid 
• and efficient memory scanning and comparison operations^ particularly when 
the reference group is ver\ low ability subjects (Hunt, ig'Sj or children 
(Keating and Bobbitt, 197$). - 

Related^to the Nl-PPdif ference between high and low verbal subjects. 
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studies of reading abilit> have consistently found that good readers can more 

quickly access the name o£ a letter code in memorv^ (the Posner task) . This * 

abilit>; which accounts ?or about IDo of the variance in reading ability, is not 

restricted to letter codes. Better readers can more efficiently access the 

name (2^^^i;v meaningful \isual pattern, even \vhen practice with the pattern is 

he/ld constant [Jackson," Note 2] . ^ a\ many ihvestiga'tions have indicated that ' 

modality -independent language conprehenion skills account for the bulk^Df the 

variance in reading ability, Frederiksen {\T^^ has offered a component process 

model ofVeading and devised simple react ion- time t^sks for isolating those 

processes which in one study accounted for nearly all the var|iance in reading 

ability in a sample of high school students. 

- * ^ J • 

In the area of spatial ability, the picture is complicated by conflict- 
ing findings. However, one result that tends to emerge quite consistently is 
tha^ the intercept of the function relatfing reaction time to extent of spatial 
transformation is significantly negatively correlated with spatial ability. An 
interpretation of this negative correlation is that high spatial subjects are 
faster at visual encoding and comparison operations than are low spatial sub- 
jects. It may also be that high spatial subjects are faster at performing 
mental transfonnations (measured by the slope of the reaction-time function), 
but the evidence is mixed (see, in particular, Egan^ 1978, and Lansman^ Note 1). 

Even fof the few iij|ormation-procesi;iVig differences that have been found 
^ to relate to individual differences in ability, there are problems of theoreti- 
cal interpretation. We divide these problems into two general categories*- 
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problems relating to the possibility of a general ^peed factor and problems d^^ 
riving from the adequao' of rhrWoretical analysis of the in format ion -proces- 
sing tasks. With regard to the pos^flity oC a general speed factor,' we • 
should note that in virtually all of the infonnation-processinc tasks \iscus- 
sed above, response tune, has been the chief dfpfendent variable of interest, 
.^nd/ correlations between reaction time and ability l^vel or tfie magnitude of 
• react ion- time differences th^t relate to ability have constituted the evidence 
for basic information-processing factors in intelligence. But, could it not 
be the case that the efficiency of cc^nent processing operations- -presum- * 
ably-measured by the <:ognitive;task5--have little or nothing to do with 
measured ability'' Rather, more able individuals could simply be faster af 
hitting response buttons than less able individuals, and hence the correlations 
between^ performance on reaction-time tasks and ability level could emerge. 

It i^ very difficult to eliminate this possibility of a general speed ' 
difference between high ^d low ability subjects in the case ^of many of the 
experiments that we have discussed. However, in some of the' indies, there 
is at least indirect evidence that overall speed ^is not the sole determinant 
of the relationship between performance on^nfonnation-processing tasks and 
ability. For exajitple, Jackson and McClelland (1979) failed to find a statis- 
tically significant reaction- time difference between fast and average readers 
m either a dot-pattern matching task or a physical- identity letter matching ^ 
task, but the times for the two groups did differ reliably on a name- identity 
letter matching task'. Presiinablv, if the cbief difference between the fast 
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and average readers is one of general speed, then the time required for 
visual pattern matching (measured by the dot pattern and the physical - 
identity letter pattern t.asks)-as well as the time needed for nas^-rd^- 
yty letter matching- -should have been less for the high than for the 
lower ability subjects. .Xnother example of , finding that argues against a 
general speed factor comes from F.ga;i (19-^8). Recall that- he obtained very 
low correlations between choice reaction time and' spatial ability while ob- 
^taining considerably higher correlations between ability and ether reaction- 
time parameters from his infomation-processing tasks. Similarly. Keating 
»and eobbit (1978) found higher correlations among reaction-time parameters - 
which were theoretically related' than among paraL^ters that were not hypoth-, 
•esized to be related. Again, if overall response speed-rather than the 
efficiency of particular processing operations-i«^es differences in 
ability, then alt of these correlations between ibilitXnd reaction-time"- 
parameters and between the reaction-time parameterf'themselves 'should have 
been roughly equal .J 



•mere is evidenc^. though, that strongly suggests that a general speed 
factor may contribute substantially to the. relationship between perfonnance • 
on infonnat ion-processing tasks and abilit;. Jensen (Note 6) has amassed consider- 
able evidence for correlations between various parameters from reaction-time tasjcs 
and general measures of ability. Indeed, by -combining certain parameters, in 
a multiple regression equation, Jensen shows that about 501 o^ the variance in ' 
measured ability can be accounted for. Perhaps -more relevant to the issue of 
a general speed factor are Jensen's (Note 6; Jensen ^ Munro, 1979) o.-n studie^s on . 
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the relationship of reaction time and movement time to^ntelligence. Tn 

this paradigrp, the subject must lift^a finger from a home key when 1,2,4, 

or 8 lights, arranged in a semicircle around the hone kev, go(es) on. The 

subject must then turn off the light, bv touching a microswitch directly 

below it. The time taken to lift the finger off the home key, once the 

light has appeared, is defined as the subject's reaction time. The time 

taken actually to twrn off the light, once the finger has been raised, is 
« 

the subject's movement time. Jensen and Ntunro C1979) have reported a -.39 
correlation between reaction time and scores on the Raven Standard Progres- 
sive Matrices (Raven, 1960) and a correlation of -.43 between movem^p1>time 
and Raven scores. Note that these correlations are as high as those obtained 
between ability measures and react ion- time parameters from information -proces- 
sing tasks. ^ Furthermore, it is difficult to argue that the same operations 
that theoretically- underlie performance on the information-processing: tasks 
(encoding, memory access, etc.) are involved in the simple task that Jensen 
IS studying: Jens\n and Ntunro's (1S179) d^ta strongly suggest a relationship 
between overall speed and ability scores. However, the .theoretical interpre- 
' tation'of this relationship between speed and intelligence is not clear. 
From these data» Jensen concludes only that intelligence tests "tap funda- 
mental processes involved in individual differences in intellectual ability 
and not merely differ^ces in specific knowledge, acquired skills, or cultural 
backgromid" ^(Note 6, p( 1). 



If one accepts the notion that jelationships between processing parameters 
f 
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^ in cognitive tasks and ability measures reflect more than a general spied 
^ fact5r, then problems uith the interpretation of these re ^itionshipi; still 
remain. This second set of problems concerns the theoretical adequacy of 
the analysis of the component processes required bv the information-proces- 
» sing, ta.sk«^. St'ited simplv. an\ interpretation of a reaction-tme difference 
between groups in an infoimat i-on-processing task or a correlation of reaction 
tune with^ib^itv will onlv be as good as the theor>' of the component operations 
undorlving perfomince on the infonnat ion-processing task, Mhis is why, 
throughout, ue have praised studies in which an attempt has been made to es- 
^ablish\.onstrHCt v^aUditv for processing open-^tions in various cognitive tasks. 

Jl Vs. .an ex.ijnple/f the relationship between theorx^ in cognitive psycholog)- 
and the interpret.-it ion of sources of individual differences, consider the * 
sentence-pncturejcrification task fClark f,^Chase, ^9-2) , kmt, ei al. fl9:S) 
^found that high verbalSub-cts had a smaller effect of'negation thah did low 
verbal subject^^ or. reaction tirres for both encoding arj ini tiall); presented 
sentence and for conparing the sentence with a subsequently presented picture, 
T^ir interpretation of this difference was tied to then-curxent theory of 
the nature of the mental operations and representations involved in the sentence- 
picture verification situation. In subsequent w^rk, Lansman (Xote 1.J has explored 

further possible relationships between ability factors and perfomance on this 
task. She fQund that both the infomation-processing model proposed by Clark 
and Chase (ITZ) and a modification of this model int^duced bv Carpenter and 
Just (19-5) ac-counted for about 9^. of the variance ^in the group me^an reoction- 
time data. She went on to perform an invididual differences analysis of the 
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sort suggested by Underwood (1975) as a test of the adequacy of the infor- 
mation -processing ^models. This vvas accomplished by deriving paraineters from 
the react ion- time data that, according to the two models, provided measures 
of essentially the same underlying jnental processes, and then correlating these 
two parameters across individual subjects. The result^ of this analysis and 



the derivation of the model parameters are too coniplex to be co^idered m 
detail here. What Lansman (Sole 1) found, essentially, was that two of the para 
meters which theoretically^ provided measures of the same mental process, 
according to both of the models, correlated only .05 across individuals. And, 
if the cognitive^ models of the sentence-picture verification task were 'indeed 
accurate, then these measures should have been highly correlated across in- 
dividual subjects. 

yihat Lansmajci'5 analysis suggests is that neither the Clftrk and Chase, 
(1972) nor the Carpenter and Just [1975) model gives an adequate account of 
the processes underlying performance in the sentence -pictuje verification 
task. In the absence of an adequate theory of an information -processing ^ 
task, any interpret a t it)n of individual dif^rences m performahce on the task 
becomes virtually impossiblG. [In Lansman' s,^j^dy , only^weak relationships 
betwe^ ability factors '\ind reaction-tim6 parameters \^re found,) It should 
be noted that the sentence -picture ^ferif ication paradigm is particularly vul- » 
nerable to this criticism. In addition to the Lansman (Note 1) study, MacLeod 
Hunt and Mathews (1978j have reported substantial individual differences in 
strategies used to canpare sentences with pictures. Glushko and Cooper (1978) 
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hdve also demonstrated that seeningly minor variations jin temporal parameters 

I 

of the task can lead to gross changes in st^egies within individual subjects. 
The general peint, however, which extends beyond the sentence -picture verifi- 
cation task, is that Interpretation of information-processing differences and 

their relation to differences .in ability is only as powerful and adequate as 

> 

current theory in cognitive psychology. 

There are several issues m the interpretation of processing differences 
that are related to the general point of the adequacy of models of cognitive • 
tasks One of these issues concerns the specificity of the processes that 
distinguish higher from' lower ability persons. . That is, when we find that 
• a partftcuj^ar parameter of performance on a 'reaction-tijne task distinguishes^ 
high from low' ability subjects, are we to attribute the underlying processing 
difference to 5ome aspect of the ta^ik or to the efficiency of some more basic, 
general mental operation*^ often, this is a di^fficult question to resolve. 
Consider, for example, Tackson hnt? McClellancPs (1979) finding that good and 
poor readers differed more, in terms of reaction-time performance, on a 
homonym matching task than on the standard* Posner name-identity 'leUer match- 
ing task. At first blush, this result suggests that phonological processes--- 
presumably tapped by the homonv-m ta3k-- -contribute more to differences in ' . 
reading ability than does a general factor of access to overleamed codes in . 
memory. However, when Jackson and ^fcClelland partialled^^out the contribution 
of name- identity matching to effective reading speed, the relationship be- 
tween the homOnvTi task and ability became negligible'. So, the more general ^ 
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operation of memory access, rather than phonglogical processing peruse, 
was responsible for the differences in reading ability, .\nother obviou$^^ 
example of this issue of general versus specific information -processing 
skills comes from the work of Jackson (Note 2j showing that retrieval of general 
conceptual categories, rather than specific access to letters names, medi- 
ates the difference, between good and poor readers on performance m the 
Posner letter-matching task situation.. 

A second isstie in interpreting the relationship betvv'een reaction- tim^ 
and ability differences concerns the precise location of the source of in- 
dividual variation in the information -processing sequence. To the extent 
that we adopt the view that component information processes are interactive 
and interdependent" -rather than strict 1> serial or parallel, and independent-- 
then it will be difficult to detennine just which processes contribute to 
individual differences in ability. For, differences in lower- level proces- 
ses, such as. accessing learned information from memor>', will influence the 
efficiency of operation of higher-vlevel processes as well.^ NkrClelland and 
Jackson (1978) elaborate this point, with respect to the particular example 
of information-processing determinants of reading abiUty. ^ Quoting them. 

It is also worth noting that accessing information in memory 
may well* influence other important components of the reading ' 
process as well. Within the context of models in v^ich all 
components of the process are strongly interdependent (e.g., 
Rumelhart, 1977) it is clear that accessing syntact^^*! * 
semantic, and lexical information in memory must^'bt 
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important determinant not only of comprehension itself, 

but of the actual process of picking up infonfnation from 

the printed page. Faster access to the semantic and syn- ♦ 

tactic properties of words picked up in one reading fixation 

will leave the faster reader in a better position to use 

contextual mfprmatipn to infer letters and words he has 

not fully processed from the page, and to guide the move- 
• f 

^ ments of the eye to an advantageous position for picking 
up inform^on on the next fmtion. Indeed, if we ado'pt 

interact model of reading, there is hardly any aspect 
of the reading pripcess which will not be facilitated by . 
more efficient access^ to information in memory » (pp. 200-201) 

^ The final ispe that ue mention concerning interpretation §f infor- ■ 
jn3tion-prot5essmg skills underlying individual differences in ability is 
the temporal stabiJitv of the demonstrated or hvpothesized processing 
differences,. The studies reviewed above are essentially silent on this 
matter. Uhile certain reaction-time differences (e.g., the difference 
between the tunes for name- identity and physical-identity letter matching) 
have been shown to be stable correlates of verbal and reading ability 
acorss different variations of , the matching task, different groups of 
adult subjects, and different dev,eloprnental levels, there has been vir- 
tually no attempt to show* that given groups of subjects that differ m 
ability also continue to differ in t^ magnitude of an in format ion -proces- 
sing difference over tune. The demonstration of such temporal stability 
of processing differences- -alleged to constitute sources of individual 
differences in ability- -would seem important to establish. 
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In concluding this section, we^must note that, despite the initial 
promise of the attempt to cOTibine psychofnetric aj\d information -processing 
approaches to the stud> of individual differences, the magnitude of the 
relationships between abilit> measures and basic processing parameters 
appears* to b^ small. Correlations between ps>'chom'etric measures of 
ability and in format ion -processing operations have hovered around .30. 
IVhy might it be t|iat component information-processing skills fail to 
account for much of the variance in abilit> scores? There are several 
possibilities^ all of which could be contributcWig to the wea1<ness of 
these relationships. 

One possibility is tha£ the ability measures that have been correlated 
with perform^ce differences on information-processing tasks are synply 
too .global and that higher correlations could be obtained hTetween processing 
parameters and more refined subscales of abilit>. .Another possibility is 
that t]^ info mat ion -processing tasks that have been studied are not sensi- 
tive enough to reveal sources of , individual differences. A related idea 
(discussed in more detail above) is that^models of these cognitive tasks 
are inadequate, leading to the^ selection of inappropriate processing par- 
ameters .for correlational analyses with. ability differences. Still a 
third possibility is that basic information-processing skills m fact are 
weak determinants of individual differences in ability. In the case of • 
verbal ab m particular, it is quite conceivable that general knowl- 

edge ^^faetors influence test scores more heavily than do component content 
?re.e perceptual and cognitive factoVs. At a more general level, it could 
be that while differences in basic information-processing skills provide 
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a Tellable {if small) contribution to indu idail differences in ability, 
strategies Jor selecting component perceptual and cognitive operations 
anjl flexibility in attentional factors provide an even greater contribu- 
tion, he con^iier this final possibility in more detail m the following 



section. 



The kole of Strategies and. Attention 
in Individual Differences ,\bilitv 



The generally low correlations between basic infomation-processmg 
parameters and individual differences in ability have led to the suspicion 
^ that other, more flexibie aspects of cognitive functioning may make mor^ 
substantial contributions to intelligence than-do low-level {frocess^lg 
skills. . TTiese additional aspects may include strategies--the meth^s - 
that one selects for approaching a task or solving a problem- -and general 
attentional factors. This po'int is certaijily not a novel one. Hunt 
*fl974). for eiample. has- d^tTingui shed between two quite different strate- 
gies for completing items on the, Raven Progressive Matrix Test of general 
iH%elligence. One strategy is basedon an algorithm that relies on 
'Gestalt-like perceptual factors, and the other st'rategy is ;ore analytic 
in nature., Sternberg (1977)., too. has.emphasized the importance of 
strategies, or the ordjr m ;vh).ch component processing operations are 
combined, in the solution of analog)- items. _ 

Recently, both Baron (19^8) aiid liunt ^978. 1980} have pointed to 
several sources of individual differences in intelligence. The basic 
distinction that Bar6n niakj-s Is between capacities, or immodifiable 
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information-processing limitations, and strategies, or mociifiable pro- 
cedures for organising cognitive processes in acquiring knO\vledg(! and 
solving probl^" Ifunt's distmdtion is basically the s.une, but to the 
Usr of sources of individual differences m competence he auTdb general' 
attenti^al resources or "cognitive energy." Baron ( li^s ) 'argues 
vigorously ior the importance of strategies in abilit> differences, ajid 
he miarshalls considerable empiricaUevidence--primaril> from de\elop-, * 
mental studies an^l.worl^on hiimaii memon - - in support of his argument.^ 
He concludes this provocative paper by speculaxmg about U\q nature of 
central strategies (tho'se which transfer to both fiov^i ilHcl familiar 
situations) that migf^t make some people appear more intelligent than 
others. The central strategies that Baron considers most* important in- 
clude, relatcdness search, the strategy- of searching memor> for items 
related in some way to an item that is presented; stimulus analysis, the 
strategy of -process ing a stimulus m terms of its component parts of 
dimensions; and checking, the strategy of suppressing Sin initial response 
in order to evaluate other possi^tTities. In the section belo\s,^-e too 
anphasize the contribution of strategies to indwitJual^dif ferences m 
perfbrmance. Our discussion has two parts. In the first, we provide 
evidence for a relationship between strategies and differences m measured 
ability. In the second, v,e selectively re\iew evidence for qualitative 
individual differences m strategies whose relationship to intelligence 

is less clear. \se conclude this section with a brief consideration of, 
« 

individual differences in attentional resources and mechanisms. 
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Strategies 



One reason why it is difficult to study strategies experimentally 
IS that we rarely have a clear notion of what so'rts of' strategies are 
available for perfoming cognitive ta5ks .mtil we ob.serve compelling 
indmdudl or group differences in -patterns of data. Once we have ■ 
. isolated different strategies in this fashion, we can ask further ques-' 
/ tions concerning their trainabUity or manxpulability by perfomxng 
e^iperimerits xn which dif>erent groups of subjects are instructed to use 
one.strategy or another. A very nice set of 'studies following essentially 
this line of reasoning anc^further. providing evidence about the rela-' 
tionship or strategies to ability, has recently been reported by Maci^eod. 
Hunt, and Mathews (1978) and by Hunt (l/sd). In the initial experiment.' 
-MacLeod et al. had two aims. They were interested both i^ testing al- 
teAative nxxiels of the sentence^picture verification tas) and in relating 
perfommce on the task to psychometric measures of verbal^ reading, 
and spatial abilities. Both of the models, one proposed^y^Clark and ' 
Chase (1972) and the other proposed by Carpentei; and Just? (1975). assic«e 
that subjects use a linguistic strategy in perfoming the task, in that ; 
• they encode both the initially- presented sentence and the subsequently- 
.presented piq^yre into prepositional representations for purposes of 
conparing the .t^o. TT,e models dif fer priinariiy -iii the ^nature of the * 
matching operation, but both models predict that the variables of nega> 
tion and lingui^fic markechess should increase the time taken to perfom 
the veri*f;cation operation. 
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In MacLeod et al proceJlure , the time taken to encode o^ cOTipre- n 
heiv^ the initial sentence and the tine taken to perform the subsequent 
verification were measured separate^ The fit of the Carp6nter ^.md Just 
model to the group mean verification- time data for different ^^entence 
types was impress i\e. The model accoiinted for 89. 4'', of thc'iaruince in 

-reaction ti'hies. Itowever correlati'ons for indlvidu«il subjects* between 
model pred^ffltpns and verification times were quite variable, ranging 
from .998 t^''^.8J7, In order to investigate these individual differ- 
ences in mcare detaif, they divided their subjects into groups that were 

*'Vell fit" and "poorly fit" by the, model. The data from the 'Veil fit" 
group showed stcong effects of the linguistic variables (cap^tured in 

ythe difference sentence typesj", while the data from the "poorly fit" 
group showed virtually no effect of the linguistic variables. 

- The failure to find linguistic effects in the "poorly fit" group 

9 

suggests that they ma> use a fundamentally different strategy in compar- 
ing senten^s and pictures. One sucK strateg\'--primarily spatial in 
nature--woulc^ i\olve generating a I'lsual image of the relationship between 



the elementi^ described in the sentence during the comprehension inten^al 
and then directly ccdparing this generated visual image acainst the 
picture during the verification intei^al. Contrast this with the "lin- 
guistic" strategy of converting the picture iVito a propositional repre- 
sentation for* purposes of comparison with the linguistically- encoded 

\ representation of the sentence. The lise of these different strategies 
Sggests several hy^theses concerning group differences in the pattern 
of reaction-time results. Specifically, the spatial strategy should 
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require considerable processmg time during comprehension-when a visual, 
image of the elements related in the sentence is being' generated- -arid 
little processing time during venf ication-'-when the generated image is 
being directly compared with the picture. 'The linguistic str,-.teg>- should 
yield just the optwsite pattern. iXiring comprehension, the .sentence is 
being linguistically encoded, and this encoding should be relatively 
rapid. IXiring verification, however, the picture must be converted into 
a linguistic representation, and it must be compared with the interal 
representation of the sentence. TT,e .MacLeod WTl . data confinn ihese 
^.predictions, nicely. TTie "poorly fit" group hil longer comprehension 
times than did the 'Veil fit" group, as they should were they using a 
^patial/unaginal strategy. And", the "poorly fit" group' also had shorter 
verification times than did the 'Veil fit" group, which is again consis- 
tent with the proposed differences in their strjitegies. 

Even more intriguing are the relationships that MacLeod et al. 
found between 'strategy use and psychometric measyres of abilitTy. Rirtial 
correlations between verbal ability (with spatial ability held "constant) 
and verific'ation time were - .44 for the 'Veil fit" group and -.05 for the 
"poorly fit" group. Similar correlations with spatial ability were .07 
for the 'Veil fit" and -.64 for the "poorly fit" gpups. T^^ere was a ' 
significant correlation (.35) beti,een sex and verificatioji time for the, 
"poorly" -fit group, but not for the 'Veil fit" group. Thit provides ' " 
additional evidence that the "poorly fit" suli^bcts were using a' spatial • 
strategy, in light of the relationship between sex and spatial ability 
Fia-iily. inspection of the actual test scores of the two groups of 
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subjects revealedi that they did not differ with respect to verbal ability 
but the "poorly fit" group had considerably higher spatial ability scores 

In conclusion, this study presents a variety of converging evidence 
concerning the use of alternative strategies in a "simple" information- - 
processing situation. If strategy- choice can alter performance so - 
markedly on this sentence-picture verification task, then the potential 
unpact of strategy selection on the salution of more complex probleijis, 
undoubtedl/ including items on tests of intelligence, may be great in- 
deed. The relationships between strategy use and psychometric measures 
of ability are swne of the most intriguing of the MacLeod et al. results 
particularly the finding that subjecp with high spaftial ability tended 
to rely on a vifsual strategy. Does this mean that strategy "selection" 
is in sane sense automatic-, -dictated by one's relative ability and not 
under conscious control? The results of a recent study by Niathews, Hunt, 
and MacLeod (cited in Hunt, 1980) suggest quite the opposite. These 
investigators replicated the pattern of data from the original MacLeod 
et al. experiment, this time predicting ^correctly) in advance on the 
basis of psychometric scores which^subjects should adopt spatial and 
whicb should adopt linguistic strategies. In later phases of the experi- 
ment, the same subjects were instructed concerning use"of* the two 
strategies, and it was found that they could- behave in^ccord with either 
of the strategies when instructed appropriately.* Thus, while an individ- 
ual's -choice of th^ type of strategy to apply— when optional --ipay be' 
related to relative ability, there nonetheless appears to be considerable 
flexibility and trainability in « strategy selection. 
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Ihis conjecture ,s supported by recent studies "by Sternberg and 
Weil (1980). 'iTiese investigators presented subjects with linear 
, syllogisms of the fom,. "X ,s taller than ^ . ^ is taller than :, uho 
is.t^Ue.t-. n,e> hNTx^thesi zed. that the sn-ateg.es used bv subjects 
to solve these problems would be related to their levels of verbal 
and spatial abilities, hNpothesis uas confimed, with response 

times of sia57^ts .^o used a linguistic strateg>. being correlated with ' 
, verbal ability, but not with spatial ability scores. TTie" reverse '' 
correlational pattern was obtained for subjects identified as using 
a spatial strategy for solving the syllogisms, of additional interest 
in this studv IS the finding that instruction as to which of several 
alternative strategies to adopt led to clear differences in the nat;ire 
of the models thfeit best fit the data. 

•niere are other sources of evidence for qualitative individual dif- 
ferences in the perceptual and cognitive operations that are used to 
perform a given task. One of these sources comes from the literature 
on '■cognitive styles." Detailed consideration of this large ^id complex 
literature is beyond the scope of our dis^ssion (but. see-Messick. 1976. 
for\a recent review), he mention this literature only because there 
are suggestions that certain cognitive styles mly reflect strategy dif- 
ferences, and that these differences are related to intelligence. Witkin 
(1964) presents evidence that the "field independence- field dependence" 
dimension of cy itiVe^ stvie correlates with intelligence, with more • 
intelligent s„{iject. beiag mo^e field independent. 3elniker and" Jeffrey 
(in press) suggest that the "impulsive-reflective" dimension of 
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cognitive style m children derives frop strategies for attending to 
global versus detailed aspects of visual stimuli. And there is soiBe 
evidence, though conflicting, that reflective children (those who • 
process stimalus details] score, higher on noinerbal intelligence tests 
(Messer,*19?6). - , 



^Another source of evidence for individual differences m per- 
ceptual and cognitive strategies comes from recent crxperunents m the 
information -processing tradition. In these experiments, strategy' dif- 
tferences have typically not been related to psychometric measures of 
intelligence. We consider these experiinents iinportant, though, because 
they purport to demonstrate qualitative processing differenced between 
individuals in relatively simple perceptual and cognitive tasks- -tasks 
often similar to those used m the search for basic information-process- 
ing correlates of ability. ■ To the extent that individual differences 
m strategies are apparent in even basic in format ion -processing situa- 
tions, we have reason to believe that they, must operate as well in more * 
complex fonns of intellectual behavior. Below, we review some of these 
experijnents in more detail. ' ^ 

One set of studies on ii^ividual differences in modes of perceputal 
processing comes from the wo'rk eT'Coo^r and h'er collaborators on visual 
"same-different" pattern matching (see, in particular. Cooper, 1976, 
1980a, i980b; Cooper and Podgomy, 1976). In the basic paradigm in 
which the processing differences were first discovered, subjects ^we re 
required to determine is rapidly as possible whether two successively 




. presented random polygons were the same or different in shape. The" 
second (test) polygon presented was either identical to the first ' 
(standard) or it differed by a random perturbation in shape. Further, 
the -different' • probes varied in their rated sunilarit) to the standards. 

9 

Inspection of the data of individual subjects revealed two dis- 
tinctly different patterns. For the larger subset of subjects, "dif- 
ferent" reaction time descreased monotonically as dissimilarity between 
the st;mdard and the test shape increased. "Same" reaction time was 
intenn^dijite m speed-faster than the' slowest (most highly similar) 
"different" response, but slower th^n the fastest (most dissimilar) 
"different" response.. For the smaller subsQt of subjects, "different" ' , 
reaction time was unaffected by similarity'of the test shape to the 
standard, and average "same'^ reaction time was faster than any average . 
."different" time. TTiis second .group of subjects was also considerably ' 
faster overall than the first groiip. Furthemore. despite the marked 
. differences in their reaction-time perfomance. the two groups of sub- 
jects did not differ in either the magnitude or the patterti of their 
errors. For b^th groups, error rate decreased monotonically .with in- 
creasing dissimilasity between the standard and the test shape. 



The constellation of differences in pdttems of perfomance- invol 
-ing overall response time, sensitivity of reaction time to. similarityt^ 
relati;e speed of the "same" and the "different" responses; and the 
relationsh-ip between reaction time and error rate--led Cooper (1976. 
^1980a; Cooper 5 Podgomy. 1976) to argue that the t»o types of subjects 



used quite different men^tal operations in comparing a memory represen- 
tation of a visual shape with another, externally-presented visual 
test shape. The subjects who were affected by similarity could be * 
using an analytic comparison strateg)^ comparing the memory represen- 
tation of the standard and the visual test shape feature by feature. 

^rfB ;^ ex^in the decrease m reaction time with increasing dis- 
similarity, because the more features that distinguish the memory 
representation from the test stimulus, the earlier will the comparison^ 
process succeed in finding one or more of those differences. The sub- 
jects who were unaffected by similarity could be using a more holistic 
comparison strateg)-, perfonning a parallel, template- like comparison,' 
in an attempt to verify that the memory representation and the test 
shape are the same. This holistic "sameness" corrparison would explain 
both why the "same" responses of these subjects are faster than their 
"different" responses and why the "different" responses are not affected 
by similarity. For, the "different" response could be made by default 
if the "same" comparison fails requiring no further stimulus analysis. 
(For tnore details concerning the nature of these hypothesized comparison 
^trate^^ies, see Cooper, 1976, 1980a.) 

Having isolated these performance differences in a number of in- 
dependent experiments, GfJt^r (1980a; 1980b) went on to consider the 
related questions of (a) whether additional evidence for the nature of 
underlying comparison strategies could be obtained, and (b) whether a 
given individual's comparison strategy co'ffiPd be changed by various 
stimulus and judgmental manipulations. ' Unlike^the Mathews et al. results 
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infonnal observation suggested that in. the visual comparison task sub> 
jects could not modify their natural strategies by mpre instruction as 
to the nature of the alternative strateg)-. 

On the other hand, Cooper was successful m a ^^ries of experiments 
in causing some .subjects to change to an alternative strategy by creat- 
ing information-processing demands that naturally drew upon one strategy 
type or the other. Some of the central findings can'be sumarized as 
follows: When the "same-different" task is modified to inco'rporate the 
explicit detection of differences between the standard and tihe test 
shapes fby requiring subjects to determine the approximatfiocation of 
adiflering feature), some "holistic" subjects will switch to an "analytic" 
strategy. FYesumably, this is because the detection of differing features 
is a natural part of the analytic strategy, but this information is not 
available to the holistic comparison operation. l\lien the visual materials 
used in the compam.son task are multidimensional stimuli (two alternative 
shapes of tvm alternative colors and sizes), then all subjects show re- 
sults consistent with an analytic mode of processing. Presumably this is 
because stimuli composed of such separable dimensions (c.f.. Gamer, ** 
1974) cannot be integrated into a holistic internal' representation and 
used as a basis for visual comparison. On the other hand, when the visual 
materials used in the comparison task are photographs of human faces' / 
varying in their rated similarity, almost all subjects give results con- 
sistent with a holistic mode of processing. This finding is suggestive 
^^S^ % current belief that configural properties o£^faces make 
them^ difficult to analyze in terms of their component parts or. features 
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(see, e.g., Carey a Diainond, 1977). So, these and other findings 
(Cooper, 1980a, 1980b) indicate that individual subjects approach 
even this ver>* simple visual infonuation-processing task with dif- 
ferent preferred strategies which are, to some extent manipulable 
with changes in judgmental requirements and variables of stimulus 
• .strvicture. 



To what extent might there be a relationship between -ability and ^ 
choice or use of a holistic or analv^ic canparison strategy? It is 
very difficult to evalua te th j^s^^estion, because m Cooper's studies 
the sample sizes were quite small, and nc5 psychometric measures of 
ability were avilable for these subjects. It is worth noting, how- 
ever, that the subjects were drawn from a population which most likely 
is relatively honogeneous with respect to ability scores. Many (in 
some studies, the majority) of the subjects were graduate students 
and faculty at universities. It is also the cas6 that the two typgs 
of processors did n©t differ m their overall mangitude or pattern 
of error rates, ,^so neither -strategy type produced more Access at " 
the task as indexed by the error rate measure. It could be argued 
that in terms of optimizing all aspects of performance, the holistic 
strategy is 5|iperior to the analytic strategy. For, the holistic 
subjects have faster response times thajl the analytic subjects^ they 
fail to show effect;^ of similarity, and they do this with no detect- 
able cost in errors. The holisVic subjects also seem %o re flexible 
in adopting alternative strategies than do the analytic subjects 
(Cooper, unpublished data). But fchis account is merely speculative. 
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going beyond the data, Ivhile anv relationship betvscen these processiVtf 
strategies and abi-lity remains elusive, the existence of marked individ- 
ual differences in preferred modes of procebhing visual information 



seems relativelv cle'Cir.^ 



^iock and his associates (Hock, 1975, Hock, Gordon, ^"Marcus, 1974; 
ftock, Gordon, 5 Gold, 1975; liock ^ Ross, 1975) have proposed an infor- 
mation-processing dichotcm) in "s.ime-dif{erent'' visual pattern matching 
tasks which, Supc*rf icially , seems related to the "hoi istic"-"analytic" 
distinction proposed by Coopej (1976, 1980a, U980b; Cooper § Podgorny, 
19''6). Basically, Hock's ^search strateg)' consists of manipulating some 
aspects* of ^stunulus' structure in a "same-different" comparison task. 
For example, Hpck (1973] presented pairs of'dot pattem^or "same- 
different" comparison, and those dot patterns (5ould be either symmetrical 
ors asymmetrical and familiar or unfamiliar (manipulated by both pre- 
training and by rotating pretrained patterns ISO- degrees from their 
familiar orientation) . NIean "some" reaction-time dlf^rences attributable 
to the stimulus manipulations are then computed for each subject* In the 
case of the Hock (19^5] study, this consisted of detennining, for mdivid- 
ual subjects, the difference between reaction time, to asymmetrical and 
synmetpcal patterns and the difference between reaction time to familiar 
•and unfamiliar (rotpted) patterns. Thpse reaction-time^differences are 
then^ correlated, and w^en a statistically significant positive correlation 
is-ob^ned, it is argued that there are individual differences in str*ate- 
gies for proces$ing visual infoimation. (Additional ^stimulus factors 
^lock and his associates have investigated in essentially the Vame 
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way^ include physically- identical versus name-identjical letter pairs, 
Hock et al., 1975, and intactness versus embeddedness of familiar 
visual figures, Hock et al., 1974.1 * 

Ftotk characterizes these putative individual differences as 
emphases on,^' 'structural" versus "analytic" iriodes of processing visual 
stimuli. The "structural" subjects are those who are affected by the 
stimulus nvanipulations , and the> are thought to process visual material 

-on the basis of ccaifigural information. The "analytic" subjects are 
relatively unaffected b> the stmilus manipulations, and they are claimed 
to process visual material^ on the basis of component parts or features. 
There are two central questions that can be raised^conceming Hock's 

-classification of individuals as "structural" versus "an^ytic" processors 
of visual information. First, is there any reason to believe that this 
"structuraT '/"ana lytic" distinction corresponds to the holistic"/ 
analytic" distinction proposed by Cooper? Second, and more important. 



pmpelling are Hock's evidence and arguments for individual 
differefrCes in modes of perceptual processing? 

With respect to the first issue, there are several reasons for 
questioning a possible relationship between the processing differences 
proposed by Hock and those '>((rop6sed„^y Cooper. First, the differences 
that Hock reports are quantitative- -inferred from correlational evidence- - 
and are found for "same" response times only. The differences tllat 
Cooper reports are more qualitative-'-baf^ed on patterns of performance-- 
and are obtained for both "same" and ^^if ferent" response types. Second, 
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the ••structural" subjects lu Hock's e.'cperunents (presionably correspond- 
ing to the "holistic" subjects in Coo[x?rS exf)er imentsj are generally 

.slower overall than the "analytic" ^li^jects. Cooper finds just the 
oppo;>ite, with "holistic" subjects considcnJblv faster than "analytic" 
ones. Hu-rd, and perhaps moht conclusnel) , Cooper (unpublished data) 
perfonped an experiment using groups of "holistic" and ''analytic" 
subjects in which the Scune stimulus factors manipulated by Hock et al.. 

'J1975)-"=orientat ion of letter pairs and physical versus name identiaJ 
matches—were usetl. There was no systematic difference in, the sensi- 
tivity of the reaction- time performance of the tw6 groups of subjects 
to thesev stimulus factors. 

• A ■ 

With respect to the second issue, inspection of the data from 
Hock*^ experiments reveals that the evidehce for group differences in' 
performance is surprisingly weak. Arguments for the "structural"/ 
•'analytic" processing dichotomy derive from correlational evidence, 
and these correlations are ge/ierall\ based on a small number of subjects 
and frequent 1\ achieve only marginal levels of sta-tistical significance 
(e.g., in Hock, 1^:5, r=.60, p<' .05 ,^\-Z4 ; m Hock, Gordon, ^ Marcus, 
^1974, r=.:3, p<.0&l, N=5: for hxpprmeTU: 1, but r=.40, p<.05, N=32 
for Experimenl 2; m Hock § Ross^ 1975, r=.41, p<,05, 'N^24)'. Even 
more disturbing, in some cases these correlations appear to be the 
result of the presence of a small number of extreme observations 
(see, in particular, Carroll's (1978) reanalysis of the Hock, 1973, 
data after elimination of these extreme cases). There -is another 
quite different, reason for questioning Hock's division- of subjects 
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into "structural" and "analytic" groups. This is the lack of a theo- 
retical basis for predicting which type of informiition processor should 
be relatively more affected b> uhich sorts of ^'imulus iminipulations. 
That IS, the performajKc difference that Hock and his associates report 
is betweeh subjects who are relativelv more or less affected bv- stimulus 
manipulations. But the> provide no independent reason for -predicting 
that lack of sensitivity to stimulus variables should necessarily 
ui^ly "analytic" as opposed to "structural" processing-. We conclude, 
then, that the evident^ and a r gunmen ts foi^the "structur^al"/ "analytic" 
process yig difference are inconclusive, and that even if valid, this 
difference bears little relation to the individual differences m modes 
of visual comparison reported by Cooper. 

As a final candidate for possible qualitative individual differences 

in perceptual and cognitive prcfcessing--rather unlike the visual compari- 

sm differences discussed above—we consider the wofk of Day (1970, 1973a, 

1973b). Day U970)\has reported that when presented with components of 

jvords to the two ear^ at approximately the same «=tune (e.g., "lanket" to 

m 

one ear and "banket'/ to the other), people differ markedly in what they 

report hearing. sJmc individuals report the two components as fused ' 

(i.e., they repoix hearing the word^ "blanket") , while other individuals 

report the tMo aomponents separately, (i .e. , they report hearing "lanket*^ 
/ ♦ 

and "banket" i/dividuallyj . When number of individuals is plotted 
against fusiyn rate,. the distribution is strongly bunodal^^^yja^ 1970) , 
suggesting^he possiblity of qualitative individual difference in per- 
ceptual processing. Furthermore, individuals who tend to fuse items 
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in this dichotic listening task are klso poor at detennining which of 
two items, pre.sented separately to th§ tvo ears, arrived first (Dav, 
19705-.- They also have shorter digit spans than do non-fusers (Dav, 
1973a) , and. they are less successful at learning a "secret language" 
in v.iiich the "r" sounds in wbrds must be pronounced as "1" sounds, 
and vice versa' (Day,, 1973b). 

Day has attributed the source of individual differences to the ' 
way in'which the tv,ip types of subjects encode information from the ' 
.environment. The .people who tend tp fuse'in the dichotic listening 
.task, or the -language-bound" subjects, are thbught to" encode, irif or- " 
nation through a linguistic filter. That- is, they are unable to . ' 
disregard iwles'of the language in processing external- stir^uli.. Hente, 
they tend to perceive separate inputs as foraing English words, and'- 
they'have' difficulty with' tasks such as the "r" - "l" reverstl, in 
which the integrity o^ familiar lingui^ic material is destroyed. Th6 
.individuals who report the tw^ inputs se,parately are characterized as 
"stimulus bound," or "language optional\" They are able to encode 
external stimuli quite accurately, and theygre not affected by lin- 
guistic constraints except in situations in which using those cor)- ' ' 
straints will actually unprove their performance. . ' ' 

* ,3 

_ The "language-bound'V"language-optjonal" distinction has received 
considerable attention because the individ.ial differbnces seem striking, 
and'thiy may be arising from very basic' differences in strategies for 
perceiving extSmal information,'' But, how well has this (fichotomy held 
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up under systematic replication and various procedural modifications? 
Keele and Lyon ( 19*^5 j undertook a study designed both t(3 replicate Day's 
individual differences and to determine to what extent various taskb 
involving fusion were interri?lated. The three tasks selected v^ece. 

(1) accuracy of judging which of two inputs to the individual ears, 
separated b> 80 milli^seconds, 'occurred first (.temporal order judgments), 

(2) accuracy with which inputs to one ear could be reported while m 
puts 'to the oth.er ear were^to be ignored, and 15 j accuracy of discrimi- 
nating whether the inputs to the two ears were the smta/w-ord, or two 
word- component inputs, where the com^jonent inputs formed" a word wfien 
fused. Presisnably,/ the tendency to fuse inputs to the two ears should 
hurt performance on all three tasks.* 

Somewhat surprisingly, Keele and Lyon found that accuracies on 
the three tasks were only weakly related, with a- maximum correlation 
of ,.38 between accuracy on temporal order judgments and accuracy on 
judgin inputs from one ear only. In addition, they found that the 
three^ ta^ks gave ver> different estimates of the frequency of subjects 
fusing, with very little fusion (high accuracy) in the word-compotients 
discrimination task. Finally, distributions of dumber of individuals 
against error scores for each of the three tasks showed no evidence of 
the bimodality repoVted by Day (1970)* 

In an even more conclusive ^et of experiments, Poltrock o^nd tiunt 
(1977) attempted^ systematic replication of Day^'s findings using a 
large sample of subjects (in Experiment 1, N=60; in Experiment 2, N-lOO) 
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■n»eir results were^lear: ^ Neither dichotic fusion rates nor temporal 
order judgmerrts shewed evidence of "bimodal itv. ilowevc^r, these two 
'measures \ere significantly correlated, suggesting that individuals 
may J.fter in their tenden'cv to use linguistic rul^s m judging as- 
pects of perceptual input. Ihese findings lead us to conclude that ' 
the "language-bound'Vlangiiage-Qptional" distinction driginally pro- 
■ posed V Oay does ^not represent a\uidl:t.itive difference between 
individuals in TOdes of processing perceptual information, Nlosd 
likely, individuals do differ m the extent to which they\ly on 
linguistic rules m mterpret'uTg senson- input; however, this individ- 
ual difference rariaHe appears to be continuous and quantitative 
rat!her than discrete and qualitative in nature. ' ^ 

In suDKuiry, the general argujcent for' a relationship between 
strategies and intelligence seems promising, though there are as yet few 
sources of relevant or conclusive d>ta. future, additional demonstra- 
• tions of qualitative individual differences, in modes of perceptual and 
cognitive processing will be welcome, and it will be important to show 
whether. and/or how thest strategy differences distinguish more from 
less able people^^Xf^gard as particirlar'ly significant the question 
of: (a) the j^ent to which relative differences in ability detennine 
both strategy choice and effectiveness in th? us^of a particular' strategy, 
and (b) the extent 'to which strategies can he modified through instruc- 
tion or by changing information.-processmg demands. This .latter question 
has obvious implications for training individuals to perfoirij ,nore- 
effectively. .And, studying this question will require research techniques' 
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rather different from those used to study basic information -processing 

contributions to ability differences, 
V 



Attention 

'Yet another possible source of individual cmferences in alJility 
might involve general attentional factors. The intuitively appealing 
notion that bright;er people pay attention more effectively ha^ been 
alive in psychology for a considerable petiod of tijne, • Indeed, 
William James (1890) speculated at length about the rjelationship 
between attention and intelligence, taking the position that 'Vhat 
IS called sustained attention is the easier, the richer in acquisitions 

7 

and the fresher and more original the mind" (p. 425). Surprisingly, 
however, very little empirical work has been done on individual dif- 
ferences in attention and their possible relationship to ability^ 
When we consider this relationship, two possibilities .stijgest thenv^ 
selves. One is 'that more able people can more effectively^ direct or - 
sustain attention where required. Such people could be said to hayc^ 
greater ''attentional flexibility." The other possibility- ns, ^at more* 
able people simplv have more attentional r^source^, qppacitv fpr pro- 
cessing information^ or cognitive energy (see Kahnemahj^lQ'-J) . We 
briefly consTder some empirical work directed toward each of these ... .. 
possibilities below. ' , - ' -\ ^ , 

Kahnemafi and his coUeagiie^fGQpher ^^I^r^4a, 'l97'l; Kahn'eman^. 
Ben-Ishai 5 Lotan^!, 19"'3J^ he^vA reported. t;wd pro^cativ^ studies on 
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individual differences in attentional flexibilitv and their relation- 
ship to various measures of abilit\. Their strategy \^as first to 
devise a test of subjects' abiUtv to simqin or direct attention u^ 
Response to a cue, and then :o relate perfomance on the test to 
measures of conpiex psychorr.otor skills lt. the natural em iroifnent- - 
piloting a irplj^s and driving buses, vkc test, wKich involved 
dichotic.U^t^mg, consisted oF tvso parts." In the first^ messages 
were presented to both efvs, and -subjects had to report target items 
only -when -thev occurred -on the cued ear. Mrmediareiv following and 
continuous with 'part. c^^, subjects ^re cued as to which earyvas * 
relevant for part two. Effectivelv; the cue instructed .the subject 
whether to maintain* attention on the sairie eai^, or switch to the other 
ear. The Aisk again was to* report ^target items which occurred on the 
cued ear oi^H)^. Correlatioks were computed between each of three test 
scores- -cmiss^ions in part one (failure to report a target on the 
attemled ear^ intrusK)ns vn part one (reporting a target on the ir- 
relevant ear), and ' total ^rtors in part two"-and the flying ability 
ot pilots m the Israeli Air Force (Gopher Kahneman, 1971) as well 



as accident ratings' of Israeli bus drivers tKahneman, Ben-Ishai 5 
Lotan,' 19*^3). -Total -erfors on part "two correlated most highly ' ' 
('appi^b^d^ .56) with each of these criterion variables; The - 
authors *^hgg4.j;t that this relationship Reflects individual differ- 

^ences in-an ability* c6#iQn t^both the re<tUirements of the attention 

tiisk^m par^.twGf and those of normal driving or airplane pi^^oting. 

This 'is the ability rapidly -to^shift or maintain already directed 

^teatiqn'in response to an external signal. 
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There are some problems with this interpretation of the data, 
howev^. he mention tw'o. Virst, measures of both mtclligence^and 
errors on part one were significantly rthough niore modestlv} asso- 
ciated v>ith the criterion \ariables and with errors on part tvvo. 
And, there was no attempt to establish (\ia. partial co;*relation or 
other statistical techniques) ^J^independent contribution of part , 
two errors to the behavioral critem. Thus, the relationship be- 
tween part two errors and the criterion \ariables could reflect some 
(perhaps mativational) factor much more geperai than attentional 
flexibility. Second, the argunent that par^t pi-o errop^ Drovide a 
measure "bf attentional flexibility is based only on a logical analysis 

of rfie task, with no additional converging evidence. The idea of. 
» 

meaningful iiiffividual .differences in attentienal flexibility ga^ns 
credence, however, from the results of a recent study. by Keele, Neili 
and. de Lemos (1978). These mvesju^ators devi^sed three tests of at- 
tentional flexibrlity (ia addition to using a version of the Kahneman 
part two test). The pattern of intercorrelati'ons amo^g performance 
on the various, tests was somewhat complex, h^t there were suggestions 
of significjpfit relationships among nx)st of them. Thus, while further 
work is needed, it may b% that there is a general -trait of attentional 
flexibility on which individuals varying in ability differ. 



Finally, we turn to the idea that individuals .differ in the ex- ' 
tent of their attentional capacity or resourced, ^th Baron and 
Treiman <1980) and \kmt (1,980) have suggested that resource daffer- 
ences.may be strongly related to intelligence.^ Indeed, flunt (1980) 
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has proposed that differences in attentionai resources may make at 
least as large a contribution to differences in abilitv as does the 
efficiency of basi.c, infomat lon-processmg skills, {le also suggests 
that a general factor of. attentionai capacitv could account for the 
reasonahh high correlations cur.ong various measures of intellectual^ 
ability. The concept ^Pfettentional reseurces is similar to 
Spearman's (192"1 no^on of '"mental eperg)-." According to Norman- 
and_,Bobro^^ (19"S), "resources are such things as processing effort, 
the various' forms 'of memorv' opacity, and conrninication channels. 
Resources are always limited" (p. 45}. The basic idea is that more 
able people have more resources/ and thus vvill perform more compet- 
ently when multiple demands 3Te placed on those resources. 

What empirical evidence is there for individual differences in 
attentionai resources? In investigating' tl^is question, the "dual ^ 
task" method is most frequentK- used. (See, for example, Posner, 

and Nonnan Bobrovv, 1975, for detaits^.) In this method, mul- 
,tiple demands are placed on the Jnfonnat ion-processing system, and 
the extent and nature of performance breakdowns are observed, the 
miiltiple demands are in the fom of two tasks that must be perforaed 
simultaneoiislyi or nearly so.' Ihe relationship between performance 
on the two tasks as* one of them- is made more difficult is frequently ^ 
the dependent variable of interest. The a^lication of the methbd 
to the question of individual dif/erences in attentionai resources 
is illustrated bv two studies reported in Hunt (1980). 
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<n the first, subjects did a hard or easy memory task uhile 
simi/ltaneouslv performing a simple probe react ion- Mme task. There 

a significant correlation across individual subjectis of - ,4U 
between probe reaction tune while perfonninvj the easv njg^y task and 
proportion correct on the hard memory task. The logic for interpret - 
mg this correlation as due to individual differences m attentional 
resources is as follows: The memorv- task and the probe react ion- time 
^task con^te for -fixed, resources . The more limited a subject's re- 
sources, the aonge^ th? probe reaction tune will be even under the 
.relatively undemanding conditions of the easy memo^ry task. l\hen the 
memory task bebcises^ard,^ more limited subjects (identified by the 
long reaction times m the easy memory condition) will have few re- 
^urc#s left to do this difficult task, and their error rate will be ' 
high. Hence the correlation. In a second study more directly re- - 
lated to ability differences, subjects simultaneously .solved increas- 
ingly difficult problems on the Raven Progressive Matrices Test and ^ 
performed a sample psychomotor task. ^ By the same logic applied ^bove, 
there should be a correlation between perfonnance on the psychomotor 
test while doing relatively easy Raven items and the point at which 
the. subject makes his first error as the items become more difficult . * 
♦ The correlation was -.50.' 

Both oi the results from the Hunt "(1,980) paper are consistent 
with the positiijjri^that people differ in general processing capacity, 
. and ♦that this difference is related to ability/ But there are other 
interpretations of the data as well. It is possible that there are ^ 
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multiple, separate, minunally-correrated pools of resources for per- . 
forming different types of tasfe-. Demonstrating general capacity 
differences across mdu idiwis wouUi^seem to require showing within- 
s^ject consistencies (and across-subjectVi fferences j m. the point 
of breakdou-n in perhjfmance. if any two tasks are used that compete 
for\^tention. ^Recently, Sverko has attempted such a demon- 

stration. He tested sut)jects on four quite dissimilar information- 
processing tasks, administered both singly and in all possible pair^ 
wise com^) mat 10ns. The four tasks involved rotarv pursuit, digit V 
• classification, mental arithmetic, and an auditor)- discriinination. 

In order to assess whether the data provided evidence for the 
notion of a general capacity (m Sverko 's^terms, a "unitar>' tune- 
sharing iibility"), two analyses were donr, Fi^rst, the performance 
of subjects^ in each e.^rimental condition (individual tasks and task 
pairings) was correlated with perfomance m all othef conditions'. 
This inrercorrelatioh matrix was then subjected to a factor"ana lysis , 
Sverko reasoned that if there Was a general tune-sharing or resource- 
related ability, then five factors should emerge in the analysis. 
Four of these-factors should correspond to the four specific tag^s, 
and the fifth should represent the more general ability. Instead, 
^onlv four task- specific factors were found. I^n a second analysis, 
Sverko compute^ a total performance decrement score for each task 
pairing by adding the proportionate performance change for the tasks 
When paired, relative to when. they were undertaken individually, * 
Correlations were computed between the decrement- scores for the three 
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task pairings that did riotl^contain overlafpin^ tasks (i.e., tasks 1 
and 2 versus tasks 5 and 4, tasks'! and 5 versus tasks 2 and 4, ^^(j^^^^ 
Xasks I and 4, versus tasks 2 and 5]. If the various tasks v^ere 
♦ drawing on a cornnon, lunited resource fxiol, then the correlations 

should have been*subst.int lal. In £act, all correlations wehe extreme- 
ly low, ranging from .000 to .068. fhese resiflts provide rather com- * 
polling evidence against the notion of a* truiy general unitar^-, 
traps situational tune- sharing a\nlit>' or resource pool. 

How, then, are we to account for the findings reported in Hunt 
(1980) 'and those of others who hi\\e argued for general attentional 
resources from experiments using the du^l-task method? One possibil- 
1% is that the notion of individual differences in attentional re*- 
sources, process^g capacity, or an ability like "tune- sharing" still 
makes ^ense, bu^ ^^^^ ^^^^ °^ capacity in a less gen- 

eral way. That is, there could exist multiple, separate pools of 
resources each limited in capacity and only minimally intercorrelated. 
(See H§wkins, Church S de Lemos, 1978, for a clear statement of this 
view as it relates to individual -differences research.) Capacity 
limitations, and hence performance decrements in the dual -task sit- 
uatio.i, will only be observed when two tasks compete j^f^V the same 
pool of resourc&. This is 'a difficult position to evaluate experi- 

mentally, for we have little in the way of a priori notions as to 4 
ir ' - 

which tasks should tap common, as opposed to sepa'rate, sour^ies of 

capacity. At a minimum, this view ^is consistent with research on^" 
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"structural interference" (e.g., Brooks, 1968) which si«gests that 
limited resq^rces may be specific to spatial and verbal ^processing. 



.\nother possibilitv ib that the atteh-t^ional contribution to ' 
ability IS a skill, dependent on practice, father than a Iwiited- 
capacitv resource, \ccording to this vfew, individuals could differ 
in their levC-ls' of perfon^ance on concurrent tasks primarily because 
of the e.xtent of their relative practice at doing tuo things at once. 
Some Provocative findings of a-uios and hickens (1977) suggqst that 
at least some portion of differences m time-sharing perfonnance-- 
p»-esi»nab;<^Jflecting capacity 1 imitations --are indeed dependent on 
-practice "it combining any two activities. In thisltudy, thr^s^oups 
of subjects were tested in a situation that involved cranbining two 
independent psychomotor^ tasks. Prior to the testing, one group' had ' 
been trained on perJbrming-a short-term memory task and a digit 
classification task simultaneously, a second group had been trained 
on performing the tasks sequentially, and a third group had received 
no trainuig at al.l. .Somewhat iurprising4y, the' group that had had 
previous training on the concurrent information-processing taiks 
showed super ibr performsmce on the concurrent psychomotor tasks. 
This result suggests that practice at coi*ining any two tasks will, 
transfer to other multiple-task, s ituat ions, Xote that this does not 
necessarily imply that there are no skill- or practice- independeht 
individuiil differences in rCso/ces or processing capacity. Rather', 
these findings suggest that an individual 's'level of practice at a " 
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- given point m time may contribute to just howeffectively 1 united - 
resources may be utilized- ' . _ 

• 

In conclusion, we find the idea of individual differences m 
attentional factors as possible detenninants of ability differences 

4 

^ to be an mtr'igumg possibility. As we have noted, however, the 

relevant data base examining this relationship is meager indeed. 

- ■ • 
Furthermore, int<5rpretation of the sources of individual dif ferences- - 

* particularly in the dual-task experiments— is problemtic at best. 
But this should not be ^surprising. Quite apart from any concern fo^ 

. understanding attentional contributio ns to mdiyidual differenc es in. 
intellijgence, the^ question of the nature of capacity or ^'esources is 
currently quite a controversial one in cognitive psychology mo^ 
generally. Some theorists argue that a general, limited-capacity 
resource pool underlies attentional phenomena (see, for e:^ainple, 
Nonnan 5 Bobrow, 1975), while others ar^e for multiple, iiT?lependent 
sources of capacity tsee, for example, Navon 5 Gophdr, 1979). Still 
others (see Neisser, 1976; Spelke, Hirst § Neisser, 1976) have argued 
that the entire notion of capacity limitatiojis is misguided, and they 
have emphasized instead the role of practice in developing ski Us 'at 
performing combinations of tasks. Perhaps the study of the relation- 
ship betiveen ability and attentional factors --as promising as it 
might appear to be- -should await further theoratical resolution within 
cognitive psychology concerning the nature of attention and process- 
ing resources^^jl^ ' 
} 
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» ^ • Concluding Remarks ' 

liaving reviewed a consi4erable body of Iit'eratiire 6n relation- 
ships between attentional and perceptual proc<?sscs and intelligence 
or ability, what can we contlucie? Our tentative an^^r is "surpris- 
ingly little," but there ^ re some firmly est^iblished^f^dings and 

. some promisingf research directions. Our quest to relate these three 
concepts in cognitive and in differential psychology began with^a 

' consideration of the extent to which (:}uantitati\e differences among 
mdivuiiiais in basic information-processing skills correlated with ^ 
differences in ability. Some of the research in this area is, elegant 
indeed (see, for example, the studies of Jackson, .Vote 2, and- Jackson 
fi McClelland, 1979). And, w-e distinguished among approaches that we 
viewed as more or less- adequate, ^n particular, we found congenial^ 
those studies th!at, in addition to showing evidence for a relationship 

between information- processing^ parameters and ability, also provided 
construct 'validity for the information-processing components that 
were being correlated ivith Ihe ability measures. 

i 

Nonetheless, the findings from this recent *and substantial re- 
search effort have o/ten been disappointing and sometimes conflicting, 
in the areas of verbaj. and reading ability, it seems clear thafef- 
fjjciency of^men»r> access (for any conceptual category) differenti- 
ates more from less able people. In the area of spatial ability, 
encoding sp<?ed is related to proficiency, but speed of mental manip- 
ulation may or may not predict performance on psychometric measures. 
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In addition, the few differences in information-processing skills 
that distinguish higher from lower ability siibjec^^s tend onl> to 
account Tor a small {X)rtion of the variance (tv-pically about 11^%} of 
performance oa intelligence tests ( though -thev discriminate more ef- 
fectively between extreme 4;roups on*,inv intelligence dimension]. 
Finallv, interpretation of correlations between information-process'^Tig 
skills and ability is plagued with Che problem of developing adequate 
theoretical accounts of the cognitive tasks that are being related 
to the intelligence measures. , 

* We vic^ as promising the idea that attentional and strategic 
factors ji{ay cisa/^ibute substantially, to ability differences, partic- 
ularly in vi)?w of the low correlations between basic information- 
processing parameters and 'individual* di fferences . With respect to 
indi^vidual differences m strategies- -or procedures for s.electing, 
combiiting, and executing infonnation-process mg -c^erat ions- ;there 
are several important questions that beg for more empirical research. 
They include. At vihat levels can qualitative differences in process- 
ing modes or strategies -be isolated? (Some of the work that we have 
reviewed suggests that strategy dMf^rences can be found m rather 
low- level in format i,on- processing Btatj^ns, as ue^f as in higher- 

IT 

ievel problem .solving situat lohs". JT To what extent do strategy dif- 
feren^es relate to ability or derive from relative ability differ- 
"ences? To what extent are strategies trainable or manipu4able,,by 
varying task demands'' ' Again, with respect, to the relatio»6hip be- 
tween strategies and mtelligbjice, to what extent is initial strateg)' 
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se'lection-as opposed- to the' efficiency :n us'ing a s;trateg>-.- once' ~ 
selected- -correlated with ability? 

Studying individual differences in strategies and their • - 
- relationship to intelUgence is difficult, and we mentioned earlier 
that it „u.y require research approaches so.;what diff;r'ent fro. those 
^ ^and^rdly used in cognitive psychology. THis is because wp rarelv 
• ^ know in advance what strhteg.es be .ore.or less effective in what 
situations. Rather, we infer strategic differences fron, quantitative 
or qualitative differences between. individual subjects in patterns of 
data, rn two of the cases discussed earlier, evidence for stra'tegies 
anerged initially frc^t hoc indi,idual.diff;rences analyses of 
Perfonnance on ^ii^le^cognitive tasks. In the MacLeod et al. (W^) 
study, strategy differences wire inferred fro. the .wide range of " ' 
individual subjects, correlations between reaction-ti^e perjonnance o. 
the sentence-picture verification task and predictions of a pa'rticular' 
model of the cognitive operations required by the task. In the Cooper 
(1576. 1980a) studies, differences in ,5rocessing modes were inferred 
^ fro. qualitative-difference; in ^dividu^bject "patterns oi ' 
reaction-ti^cr and error p.rfoi^ce In a visual cc^parisgn -ta-Sk. 



-a/t. Isolating strat^^ differences via such."trial ^d error- 
post hoc individual differences analyses is hardly likely\o be an "/ 
effectivP^ ^search strategy. Ke need, i„ addition, to p'rovi'de an 
analysis of theWture of the alternative strategies and to detennine' ■ 
; in advance whic^ subjects are likely to use which strategics, in which 
situations. the baseof both the MacLeod et al. and the Coope'r- ^ 
studies, such a second step wa.s taken. Mafhews et al. (report^' ' 
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Hunt, 1980, and following up on the MacLeod et al. experiment) were 
able to predict—on the .basis of verbal and *s partial ability scores-;^ 
wha^ch sub^iects would use which strategies, and the^ were further able 
to manipulate stra^eg>' use through instruction! Cooper (1980a, 1980b) 
was able to gain independent evidence^ fpr qualitative strategy differ- 
'ences by, first, providing an analysis of the nature of the hypothesized 
strategies, and, next, by constructing information-processing tasks 
whq^e demands naturally drew on one strategy typ^ or another. To the 
extent that^the^e new tasks forced, certain subjects to change their pat- 
terns of perforn4nce land, V inference, their visual comparison opera- 
tions), evidence for differential strategy use was obta'ined. In the 
'case of studies like Cooper»s,*it remains to relate strategy selection 
•to intelligence, ability, or some criterion- measure. 

There\are other ways 'in tt'hich strategies could bQ studied, and th6y 
depart somewhat from the standard information-processing tradition. Otje 
method might involve isblating^ groups of swb^cts that differ extensively 
on some criterion measure of interest (e.g. ,^peopltJ who leam^^to get 
^oiaid in new environments easily versus people -who habitually and con- 
tinually get^lost). We-could then qUer>' these individuals concerning 
their strategies for learning spatial layouts. From the verbal reports, 
we could attempt to analyze the strategies in terms .of more basic infor- 
mation-processing skills. We could then perform laboratory expetiments 
in vhich subjecite were instructed to use alternative strategies, and. 
performance differences could be assessed. . Tliis appi^ach is similar, to 
that of Thomdyke and Stasz' (1980), based on protocol analysis 6f a 
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l-earnmg task. The method has distinct potential, hut. .it suffers from ' 
-two- rather obvious problems. The first, is 'that some strategies .that we 
might, wish to study- -particularly^ thole involving basic perceptual and 
cagnitive processing- -might not be«3vailable to conscious ^introspect ion 
and hence verbal report. The second 'is the i')ossible difficulty of trans- 
latlng verbal reports of strategies into e.xpenmenta^ manipulations.' 
Stilfl another mel;hod for studying strategies is essentially the one ad- 
■vocated b)" Baron (1978). ' TTiis- involves generating log^ical" h>j,othe5er' 
ponceming thfe natll^e of strategies that. might -k^ad to efficient , intelli- 
gent behavior, ^tfe could thjn design tgsks th0 taR these strVegfes,' or 
train s^bject/in -the use of. tjfese s¥r|t%g_ies. and obs^r^e%^^tive chaigej 
^ .in perfwi^ce. TTie suqcpss -^f 'fhiS approaob' depend^.' of .colirs?. onTiav- ' 
ing tIi^^ pa;opaer dntuxtiens £oncefmfig tfaW nature of^^the 'stra'tegies tKat- ' 
.Contribute rti) iTjtelixgence. * ^ ^' , . , ' ♦ 

^ •Fcn^ily,* vve wish;^o commentv on. the idea Chat ^ttentional flexibilVty . 
and/or amount of processing resouVces fnake important contributions -to 
individual differences in'abUty. .'TliTs is an intriguing .possiblity, and 
^there already Exists sc^e Velex^t and suggestive -research. M predi>^t ^ 
that the relationship^ between ^entional f^ctor^^nd intelligence will 
be a very. active i^search.area fbr the next^several years- -particularly • 
in light of the mixeti success in .establishing' correlations bet^veen basic 
information- processing slj^j^lls and -ability. As promising -as thiVdirection 
might seem, we nonetheless have some misgivings. . , - 

* • r ' ^ * ' • . ' 

.The approach to studying this questi6n*^pt>ears to involve translat- 
ing 9 task currently fashidpable within cognitive psychology -in the ca&e , 
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of attentional' resourqps; the dual- task method- -into an inaividual-dlf- 
fer^ces framework! This'approach is reminiscent •'of the effort, rbviLed' 
above, to establish correlations between basic information-proces'ing 
tasks and psychometric measures of ability. As We have see^i, interpre- 
tations of these' relationships have sometimes suffered from an inadequate 
theoretical analysis of the cognitive operations underlying the' mforma-. 
t^on-processing tasks. In the case of tasks measuring demands onjittep- ; 
^tional resources, controversies over interpretation are even more 'apparent 
at thi^ point in tin^ (see, for example, Kantew^t- S Knight, 1976l>avon,^ 
^ Gopfier , ' 1^) ^ 



iVhat we fear is, that research on attentiojaa^ co!itributi6ns' to, intel- 
ligence could 'experience a fate suiiilar to/*that of some of. thej:eseaT:ch ^ 
on basic in format ion -processing determinants -of^^bility: *Nainel/,'estab- 
. lishing that individual differenced* exist, but not knowing what thosf • 
individual differences really mean. The-gfeneral point that we make*, in 
_-concluding,; is that^progress m research oir-i-nd- ivi - d u al drf fgrences " in 



ability must parallel ^the "adequacy of theory and of understanding <>f ex-- 
perimental paradigms in cognitive psychology. Any effective unity between 
cognitive and differenLial^p_pi:Qadies-jiiusiU^ - 
standing of the nature of general mental operations, and the experimental 
tasks and situations suitable for isolating and investigating them. One 
thrust of this^papei? has been that we do not. expect such unit^ to emerge 
from investigations o^ how people of varying ability perfoim on tasks Jthat 
are themselves inadequately understood > Ivhat this^ iinplies is that meaning- 
ful work on ^the .contributions o^f attention and perception to intelligence , 
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must await a clearer conceptualization wjthin 'cognitive psychology itself 
of the nature 8f those mechanisms. 
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^ Footnotes 
1 ' ' 

Preparation of this chapter was supported in part bv NSF grant 
/ . , ' ' 

^ Bx\S 76-22079 to the first author, We wish to. thank Robert Vallone for 

his, unstinting help in all phases of the preparation of this chapter. 
2 

Lehman (1979a) presents an impressive array of evidence for the v 

existence^ of t)\ree major spatial factors --Space Relations, Visualization, 

and Orientation- -as well as a host of minor factors. *\ 

^is finding, may puzzle cognitive psychologists who ^^sistently 

find relationships between speed and accuracy in information-processing 

tasks. Indeed, even in Eganis (1976, 1978, 1979) 4ata, reactiorktime 

and error rate* are positively correlated across experiinental conditaons. 

That is, for the groi^) data from, for example, the mental^^ rotation ta^k, 

both reaction time and error rate increase monotonically with angular ^ 

difference in the orientations of the two visual objects being coinpared. 

•It is only in the individual-differences ^analysis of overall accuracy 

on tests of spatial ability and latency on the information-processing 

versions of these tasks that virtually 'no correlation is found. 
4 

• There is one^ exception to this .generalization in the studies i:e- 

i ' ^ 

viewed in this section. Kail et al. (1979) found slope differences 

between the male femaife sii)3ects_, but they foun^l no reliable inter- 
cept differences between the .sexes. 

^Beyond the scope of^our discussion is the considerable l^y of 
research on memory aid retrieval strategies, some of i?^ich is reviewed 
by Baron (1978).' \k will also not consj.der some recent and intriguing 
work on developmantal changes in strategies for attentional and perceptual 
processing (see, for Example, Kemler 5 &nith, 1978; Snith 5 Kemler, 1977, 
1978). ^ , 
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Wently, Agari C-Note 7) has attempted to replicate Cooper's (1976) 
' uidividiisr differences in visual processing using a larger sample of 
. subjects and a slightly shortened version of Cooper's task. IsTiile Agari 
found that the processing parameters used to identify the different sub- 
ject types were highly correlated, evidence for the sharp dichotomy 
reported by gooper was not obtained. The reasons for this discrepancy 

remain obscure. 
• ^ 

. This quote does not really do justicTe to James' position on the 
, relationship between attention and intelligence. To James, highly • 
intelligent people were able ta attend more effectively because of their 
superior mental abilities. Qfioting ^m, "Geniuses are conmonly believed 
•to excel other men in their power of sustained attention- -But it is 
their genius makingjhem attentive, not their attention making geniuses 
of them" (James, 1980, p. 423). Contrast this with the ^ew that we are 
* considering--viz., that individual differences in attentional factors may 
constitute determinants of ability differences'. 



